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extent,  it  is  a  record  of  his  own  practical  and  extensive  experience  in  analytical 
methods  and  processes.  Vol.  III.  Part  ii.  is  not  one  whit  behind  its  pre- 
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dietetically,  and  toxicologically.  Here  Mr  Allen,  in  addition  to  his  own 
researches,  has  collected  all  trustworthy  results  up  to  the  present  date,  and 
has  given  us  a  survey  of  this  class  of  bodies  hitherto  unequalled  in  our 
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"  The  author  has  devoted  considerable  space  to  a  consideration  of  the  newer 
synthetic  compounds  which  are  rapidly  becoming  so  important  for  medicinal 
and  antiseptic  purposes.  The  reader  will  find  accurate  and  complete  infor- 
mation on  such  bodies  as  antipyrine,  phenacetin,  kairine,  iodol,  and  thalline, 
as  well  as  on  the  crude  compounds  from  which  such  bodies  are  derived. "- 
Industries. 

"  While  the  author  does  not  vouch  for  the  accuracy  of  the  work  of  observers 
whom  he  quotes,  he  has  taken  care  to  exclude  from  it  those  methods  which 
are  palpably  incorrect,  and  in  many  cases  to  confirm  or  modify  processes  or 
tests." — Chemist  and  Druggist. 
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processes  which  are  worthy  of  recommendation,  or  which,  in  other  words, 
involve  a  minimum  of  trouble,  occupy  a  reasonably  short  time,  and  yet  afford 
accurate  results — points  which  are  of  primary  importance  to  the  busy 
practitioner. " — Lancet. 

1  c  The  pathological  sections,  especially  those  dealing  with  diabetic  and 
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tive, and  so  practically  critical  that  it  is  difficult  to  find  a  single  thing  of 
importance  that  has  escaped  the  author's  keen  observation.  .  .  .  From 
beginning  to  end  the  work  is  redolent  of  the  laboratory,  and  will  be  found, 
alike  by  the  clinical  physician  and  technical  chemist,  a  thoroughly  practical 
and  trustworthy  guide — quite  the  best,  so  far  as  its  scope  goes,  in  the 
English  language." — Analyst. 

"  The  sub-title  of  the  volume  fairly  indicates  the  limits,  but  nothing  short 
of  the  list  of  the  contents  can  give  the  reader  an  adequate  idea  of  the  range 
of  the  processes  treated.  The  particular  merit  of  the  book  is  that  the 
chemical  processes  have  been  proved  or  worked  out  by  chemists  for  the 
volume,  and  all  those  little  details  which  make  for  success,  and  which  an 
analyst  can  discriminate,  are  introduced.  Moreover,  there  is  an  amount  of 
clinical  and  pathological  information  given  which  admirably  exposes  the 
versatility  of  the  author.  We  commend  the  volume  to  those  interested  as 
one  of  the  classics  in  the  subject."— Chemist  and  Druggist. 

"The  illustrations  of  the  book  are  well  executed  and  useful.  The 
appendix  contains  a  number  of  valuable  tables.  On  the  whole,  we  are 
prepared  to  say  that  this  is  the  best  book  on  this  subject  that  has  ever  been 
written." — American  Journal  of  Pharmacy. 
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PREFACE  TO  VOLUME   III.-PART  III 


THE  instalment  of  "  COJ^ME&QI&L  ORGANIC  ANALYSIS  " 
now  published  is  nominally  PART  III.  of  VOLUME  III., 
though  practically  it  forms  VOLUME  V.  of  the  book. 
It  was  intended  to  conclude  the  work  with  this  issue, 
but  to  have  done  so  would  have  rendered  the  volume 
unwieldy  and  have  further  delayed  its  publication. 
Hence  it  has  been  thought  better  to  publish,  the 
matter  already  in  type  at  once,  reserving  the  con- 
sideration of  PROTEIDS  AND  ALBUMINOID  COMPOUNDS 
for  a  concluding  Volume,  which  I  hope  will  be  issued 
before  the  end  of  the  current  year. 

The  Part  now  published  treats  of  the  less  important 
Vegetable  Alkaloids,  left  over  from  PART  II.;  Non- 
basic  Vegetable  Bitter  Principles ;  Animal  Bases, 
including  Ptomaines ;  Animal  Acids ;  and  Cyanogen 
Compounds.  With  the  exception  of  the  last  Chapter, 
revised  and  enlarged  from  that  published  in  1879,  the 
whole  of  the  subject-matter  is  new.  The  information 
has  been  compiled  with  care  from  a  great  variety  of 
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sources,  and  a  large  number  of  the  tests  and  methods 
have  been  carefully  investigated ;  but  the  rarity  and 
difficulty  of  preparing  many  of  the  compounds  de- 
scribed has  rendered  it  impossible  to  verify  certain 
of  the  processes. 

I  am  fully  conscious  that  much  of  the  matter  is 
scarcely  such  as  might  be  expected  to  be  contained  in 
a  work  purporting  to  treat  of  Commercial  Analysis, 
but  I  have  thought  it  better  to  include  all  facts 
possessing  for  me  an  analytical  or  practical  interest, 
believing  that  what  I  find  useful  myself  will  also  be 
of  value  or  interest  to  others. 

I  am  indebted  to  Mr  R.  A.  Cripps,  Dr  James 
Edmunds,  Mr  Ernest  J.  Parry,  Mr  A.  Gordon 
Salamon,  Mr  F.  W.  Keating  Stock,  Mr  Francis 
Sutton,  Mr  R.  Wright,  and  other  friends  for  perusal 
and  correction  of  certain  of  the  articles,  and  express 
my  sincere  thanks  for  the  services  they  have  rendered 
me  in  this  connection. 

I  desire  also  to  acknowledge  the  zealous  assistance 
rendered  by  Mr  Arnold  R.  Tankard  in  the  investiga- 
tion of  a  large  number  of  the  tests  and  processes 
described,  in  the  correction  of  the  proof-sheets,  and  in 
the  compilation  of  the  Index. 


ALFRED  H.  ALLEN. 


67  SURREY  STREET*, 
SHEFFIELD,  30th  June  1896. 
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VEGETABLE  ALKALOIDS. 

(Continued.) 


THE  more  important  of  the  vegetable  alkaloids  have  already  been 
considered  (Part  II.  pages  127  to  572).  There  remain  a  number 
of  vegetable  bases  which  are  of  interest  or  importance  from  their 
employment  in  medicine  (e.g.,  emetine,  physostigmine,  pilocarpine) ; 
their  marked  poisonous  character  (e.g.,  gelsemine,  colchicine)  ;  or 
their  occurrence  in  condiments  (e.g.,  piperine,  sinapine).  These 
will  be  considered  approximately  in  alphabetical  order.  Many 
other  alkaloids  exist  of  which  little  is  known,  or  which  are  not  of 
sufficient  interest  or  practical  importance  to  require  description.  In 
an  appendix  to  the  Chapter  will  be  found  a  description  of  the  more 
important  non-basic  bitter  principles  of  vegetable  origin. 

Alkaloid  of  Papaya. 

CARPAINE,  C^H^NOg,  is  contained  in  the  leaves  of  the  P  a  p  a  y  a 
or  Papaw  tree  (Carica  Papaya)  of  Java,1  from  which  it  was 
first  isolated  byM.  Greshoff  (Ber.,  xxiii.  3537;  Pharm.  Jour., 
[3],  xxi.  560).2 

1  The  same  plant  yields  the  vegetable  ferment  or  trypsin  called  Pa  pain, 
which  has  recently  attracted  much  attention  owing  to  its  remarkable  digestive 
action  on  proteids.     (See  Pharm.  Jour.,  [3],  xxiv.  183,  207,  633,  705,  757, 
758,  845,  831,  1005,  1088  ;  xxv.  183.) 

2  Carpaine  is  best  extracted  by  digesting  the  finely-powdered  dried  leaves 
of  the  plant  with  hydrochloric  acid,  and  subsequently  with  alcohol.     The 
extract  is  evaporated  to  a  syrup,  treated  with  acidulated  water,  filtered  from 
the  residue  of  chlorophyll,  &c.,  and  shaken  with  ether  to  remove  resin.     The 
aqueous  layer  is  then  made  alkaline  with  soda,  and  the  carpaine  shaken 
out  with  ether.     The  yield  ranges  from  0'08  to  0*25  per  cent,  (in  young 
leaves). 
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2  CARPAINE. 

According  to  J.  J.  L.  van  Ryn  (Arch.derPharm.,ccxxxi.  184  \ 
Jour.  Chem.  Soc.,  Ixiv.  i.  740),  carpaine  forms  colourless,  anhydrous 
lustrous  prisms,  melting  at  120°  to  121°  (not  at  115°,  as  stated  by 
Greshoff),  and  sublimes  partially  at  a  somewhat  higher  temperature. 
It  is  practically  insoluble  in  water  and  in  solutions  of  caustic  and 
carbonated  alkalies.  It  dissolves  readily  in  absolute  alcohol  (1:9) 
and  in  amylic  alcohol,  but  is  very  sparingly  soluble  in  dilute  spirit. 
It  is  soluble  in  chloroform  and  carbon  disulphide  in  all  proportions, 
and  readily  in  benzene,  but  only  sparingly  (1  :  100)  in  petroleum 
ether.  It  is  but  sparingly  soluble  in  ether  when  once  crystal- 
lised. 

Carpaine  is  dextro-rotatory,  [a]D  being  +  21 '55°  and  unaffected  by 
concentration. 

Carpaine  has  an  extremely  bitter  taste,  perceptible  in  dilutions 
of  1  in  100,000.  Carpaine  has  a  strong  depressing  action  on  the 
heart,  and  has  been  employed  in  medicine,  being,  according  to  van 
Oefele,  the  only  substitute  for  digitalis  (with  the  exception  of  the 
members  of  the  caffeine  group)  which  does  not  cause  irritation  or 
suppuration  when  injected  hypodermically  (Pharm.  Jour.,  [3], 
xxxiii.  1).  It  acts  as  a  heart  poison  both  on  frogs  and  birds. 

Carpaine  is  not  removed  from  acidulated  solutions  by  ether  or 
chloroform.  Its  solutions  are  alkaline  to  litmus  and  cochineal,  but 
have  no  action  on  phenolphthalein. 

Carpaine  yields  crystallisable  salts.  B,HC1  forms  shining  needles, 
readily  soluble  in  water.  B2,H2PtCl6  is  yellow  and  crystalline. 
The  alkaloid  is  precipitated  from  very  dilute  solutions  by  Mayer's 
reagent,  phospho-molybdic  acid,  tannin,  picric  acid,  and  potassium 
thiocyanate.  B,HAuCl4  crystallises  in  lemon-yellow  needles,  melt- 
ing at  205°.  Bromine- water  and  iodised  potassium  iodide  give 
precipitates  even  with  an  aqueous  solution  of  carpaine. 

With  strong  mineral  acids,  either  alone  or  with  oxidising  agents, 
carpaine  gives  no  colour-reactions ;  except  that  a  mixture  of 
sulphuric  acid  and  potassium  dichromate  is  turned  green. 

Carpaine  appears  to  be  a  secondary  base,  since  its  compound 
with  ethyl  iodide  is  decomposed  by  potash  forming  ethyl- 
carpaine,  C14H24(C2H5)N02,  which  crystallises  from  dilute  alcohol 
in  colourless  silky  needles,  melting  at  91°.  Carpaine  is  not  acted 
on  by  either  benzoyl  chloride  or  acetyl  chloride.  With  nitrous 
acid  it  forms  a  nitroso-derivative,  C14H24(NO)N02,  which 
crystallises  in  colourless  prisms,  melting  at  144°  and  soluble  in 
alcohol. 

By  the  oxidation  of  carpaine  with  sulphuric  acid  and  potassium 
permanganate,  ammonia  and  an  acid  free  from  nitrogen  are 
obtained. 


COLCHICINE.  3 

Alkaloids  of  Colchicum. 

The  meadow  saffron,  Colchicum  autumnale,  contains  a 
poisonous  alkaloid  called  colchicine.  The  decomposition-pro- 
duct colchiceine  (page  6)  probably  occurs  naturally  in  many  cases. 

COLCHICINE  (CH30)3.C15H9(NH.C2H30).C02.CH3)  is  present  in 
all  parts  of  the  colchicum  plant,  but  chiefly  in  the  seeds. 

The  partial  synthesis  of  colchicine  has  been  effected  by  heating 
colchiceine,  methyl  iodide,  and  sodium  methylate  together  at  100°. 
Methyl-colchicine  is  formed  at  the  same  time.1  Colchicine 
is  a  yellowish-white  or  bright  yellow  substance,  which  darkens  on 
exposure  to  light,  and  melts  with  decomposition  at  143°  to  147°. 
It  dissolves  slowly  but  abundantly  in  water,  forming  an  intensely 
bitter,  Isevo-rotatory  solution.  It  is  readily  soluble  in  alcohol,  and 
is  also  dissolved  by  chloroform,1  benzene,  and  amylic  alcohol.  It 
is  insoluble  in  absolute  ether  and  in  petroleum  spirit. 

The  basic  characters  of  colchicine  are  very  feebly  marked.  It 
is  neutral  to  litmus,  and  most  of  its  salts  are  decomposed  by  water. 
Hence  it  is  extracted  by  suitable  immiscible  solvents,  both  from 
acidulated  and  from  alkaline  solutions. 

In  presence  of  a  dilute  mineral  acid  or  alkali,  solutions  of 
colchicine  gradually  become  intensely  yellow.  Concentrated  acids 
yield  a  yellow  resinous  precipitate.  Concentrated  nitric  acid 
(sp.  gr.  1'42)  colours  colchicine  violet-blue,  the  tint  changing  to 
yellow,  and  ultimately  to  green.  If  the  violet  solution  be  diluted 
with  water  it  turns  yellow,  and  changes  to  a  fine  orange  or  red  on 
adding  excess  of  soda.  With  very  minute  quantities  of  colchicine 
the  coloration  with  nitric  acid  is  rose-red.  The  reaction  is  ex- 
tremely delicate.  Sulphuric  acid  dissolves  colchicine  with  intense 
yellow  colour,  and  on  adding  a  drop  of  nitric  acid  a  dark  brown 
spot  is  formed,  passing  gradually  through  violet  and  brown  to 
yellow.  In  an  aqueous  solution  of  colchicine,  chlorine  and 
bromine  water  occasion  a  yellow  precipitate  which  dissolves  in 
ammonia  with  orange  colour. 

Colchicine  is  precipitated  very  perfectly  by  gallo-tannic  acid 
and  by  phospho-molybdic  acid.  The  latter  reagent  is  a  useful  one 
for  separating  colchicine  from  solutions  containing  it.  The  pre- 
cipitate gives  the  foregoing  colour-reactions  with  acids,  but  if 
preferred  the  free  base  may  be  obtained  by  agitating  the  precipitate 

1  Colchicine  is  stated  to  form  with  chloroform  a  compound  of  the  formula 
CoaHasNOe,  2CHC13,  which  crystallises  in  needles,  and  is  gradually  decom- 
posed by  boiling  with  water.  Methyl-colchicine  forms  no  similar  compound, 
upon  which  fact  T  e  i  s  e  1  founded  a  separation  of  the  two  bases.  R.  Wright 
states  that  the  chloroform  compound  of  colchicine  must  be  very  readily 
decomposed  by  water,  if  it  exists. 


4  REACTIONS  OF  COLCHICINE. 

with  ammonia  and  chloroform,  and  evaporating  the  chloroformic 
solution  to  dryness. 

If  an  aqueous  solution  of  colchicine  be  treated  with  powdered 
manganese  dioxide  and  dilute  sulphuric  acid,  and  the  liquid  filtered 
after  some  hours,  a  nitrate  is  obtained  which  acquires  a  full  blue 
colour  on  adding  excess  of  ammonia. 

An  aqueous  solution  of  colchicine  gives  a  brown  or  yellow  pre- 
cipitate with  iodised  potassium  iodide,  and  may  be  conveniently 
isolated  by  that  reagent.  On  treating  the  precipitate  with  sodium 
thiosulphate  (hyposulphite)  the  alkaloid  dissolves,  and  may  be 
extracted  from  the  alkalised  solution  by  chloroform. 

Colchicine  is  precipitated  by  potassio-iodide  of  bismuth,  but 
not  by  Mayer's  reagent  nor  by  mercuric  chloride,  unless  a  mineral 
acid  be  added,  when  the  former  reagent  produces  a  copious  lemon- 
yellow  precipitate.  Potassio-iodide  of  cadmium  reacts  similarly. 

Colchicine  solutions  give  no  precipitate  with  platinic  chloride, 
but  yield  with  auric  chloride  a  yellow  amorphous  precipitate  con- 
taining B,HAuCl4,  which  rapidly  becomes  crystalline,  and  is  readily 
soluble  in  alcohol. 

An  alcoholic  solution  of  colchicine  gives  a  garnet-red  coloration 
with  ferric  chloride.  An  aqueous  solution  gives  no  immediate 
reaction,  but  on  warming  a  green  coloration  is  produced,  probably 
owing  to  the  formation  of  colchiceme.  In  presence  of  much 
hydrochloric  acid  the  coloration  produced  by  ferric  chloride  on 
heating  varies  from  green  to  greenish-black.  If  the  liquid  be 
shaken  with  chloroform  after  cooling,  the  latter  becomes  coloured 
brownish,  garnet-red,  or  dark  and  opaque. 

An  aqueous  solution  of  phenol  gives  a  strong  milky  turbidity 
with  colchicine,  and  afterwards  a  yellow  resin  is  precipitated. 
Acids  prevent  the  reaction. 

Picric  acid  produces  no  precipitate  in  a  neutral  solution  of 
colchicine.  On  adding  dilute  sulphuric  acid  a  resinous  precipitate 
is  formed,  which  attaches  itself  to  the  sides  of  the  vessel. 

E.  Barillot  (Bull.  Soc.  Chim.,  1894,  p.  514;  Jour.  Chem.  Soc., 
1895,  abs.  ii.  300)  has  described  the  following  mode  of  operating, 
which  he  claims  to  afford  a  very  reliable  test  for  colchicine,  and 
a  means  of  distinguishing  it  from  morphine  and  codeine.  A 
minute  quantity  of  the  free  alkaloid,  in  the  form  of  an  ether  or 
chloroform  residue,  is  mixed  very  intimately  with  0*25  gramme  of 
oxalic  acid  and  1  c.c.  of  strong  sulphuric  acid.  The  mixture  is 
sealed  up  in  a  small  glass  tube,  which  is  kept  at  120°  C.  for  one 
hour.  Subsequently  the  tube  is  opened,  the  colour  of  the  mix- 
ture observed,  and  excess  of  alcoholic  soda  added.  Operating  in 
this  way,  the  following  results  are  stated  to  be  obtained: — 
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Alkaloid. 

Coloration 
in  the 
Cold. 

Coloration 
after 
Heating. 

Observations. 

Colchiciue, 

Golden  yellow. 

Dark  reddish- 
brown,    not 

On  treating  the  aqueous  solution  with  an 
alkali  and  reaeidifying,  a  yellow  pre- 

modified by 
addition    of 

cipitate  is  obtained,  which  is  soluble 
in   chloroform  ;  1  on  evaporating  this 

water. 

solution  a  yellow  residue  is  obtained, 

which  becomes  violet-red   on    treat- 

ment with  nitric  acid  (sp.  gr.  T42)  and 

raspberry-red  with  strong  sulphuric 

acid. 

Morphine, 

Light  blue. 

Reddish- 

On  addition  of  a  large  volume  of  water 

brown. 

the  colour  sometimes    changes  into 

blue.       Treating    this  solution   with 

caustic  potash  and  alcohol,  then  acidi- 

fying it,  and  shaking  it  with  chloro- 

form, the  latter  assumes  a  blue  colour. 

Ether  takes   a   purplish-red    colour. 

On    evaporating   these  two  solvents 

morphine-blue  remains  behind. 

Codeine,.. 

Bright  blue. 

Greenish-blue. 

Like  morphine. 

Barillot  states  that  none  of  the  ptomaines  shows  any  similar 
reaction.  With  1  mgrm.  of  colchicine  the  above  reaction  can  be 
repeated  ten  times. 

Colchicine  is  very  unstable,  being  decomposed  on  heating  with 
alkalies  or  dilute  acids  with  elimination  of  methyl  alcohol 
and  formation  of  colchiceine.  This  latter  substance  is  formed 
so  readily  that  some  of  the  reactions  commonly  attributed  to 
colchicine  itself  are  probably  due  to  its  decomposition-product.2 
By  further  treatment,  as  by  increasing  the  strength  and  propor- 
tion of  the  acid,  the  colchiceine  itself  undergoes  further  change, 
with  elimination  of  an  acetyl  and  one  or  three  methyl  groups, 
producing  compounds  which,  together  with  the  higher  terms  of  the 
series,  are  formulated  on  next  page. 

These  decomposition-products  have  some  importance  in  con- 
nection with  the  detection  of  colchicine,  as  in  the  course  of  its 
isolation  in  toxicological  investigations  its  partial  conversion  into 
some  of  the  simpler  members  of  the  series  is  liable  to  occur. 

1  If  the  colouring  matter  is  not  entirely  taken  up  by  the  chloroform,  but 
floats  about  in  flakes,  it  may  be  collected  on  a  very  small  filter,  and  the  latter 
dried,  cut  into  strips,  and  immersed  in  the  acid. 

2  N.  Rossenwasser  (Pharm.   Jour.,  [3],  viii.  507)  states  that  colchi- 
cine is  not  precipitated  from  aqueous  solutions  or  solutions  acidulated  with  an 
organic  acid  by  iodine,  auric  chloride,  or  by  Mayer's,  Scheibler's,  or  Sonnen- 
schein's  reagent  ;  but  that  each  of  these  gives  a  precipitate  after  the  solution 
has  been  acidulated  with  oxalic  acid  or  a  mineral  acid,  or  boiled  for  a  few 
minutes  with  acetic  acid. 
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Colchic  acid.      Colchicinic  acid,       (OH)3  1  C15H9  j  QQ 

f  IVTT 

Dimethylcolchic  acid,          (O.C  H3)2(OH)  :  C15H9  j  £Q  5 

J^-TT 
^  ------  v  -----  _  _,  V-—  3,3.  ~15^g    ,    £Q  ^ 


Acetyl-trimethyleolchic  acid. 

Colchiceine,  /  s«  :    ^9      CO.OH 

Methyl    aeetyl-trimethylcol-  1    ,n  PTT  v  .  p    TT    j  NH.C2H30 

chate.     Colchicine,  j"  (°'       8J3  :  °159  |  CO.O(CH3) 

Methyl-colchicine,  (O.CH8)3  :  C15H9 


COLCHICEINE,  or  Acetyl-trimethylcolcliic  acid,  C21H23^N"06,  is  a  body 
possessing  both  acid  and  feebly  basic  characters.  It  is  best  obtained 
by  warming  colchicine  with  water  containing  2  per  cent,  of  H9S04 
or  1  per  cent,  of  HC1.  On  cooling,  the  colchiceine  separates  in 
shining  white  needles,  containing  \  aqua.  It  becomes  anhydrous 
at  140°-150°  and  melts  at  166°.  It  is  readily  soluble  both  in 
acids  and  alkalies,  with  yellow  colour.  Colchiceine  is  soluble  in  hot 
water  and  very  soluble  in  alcohol  and  chloroform;  but  insoluble 
in  ether  and  benzene.  The  solutions  of  colchiceine  are  Isevo- 
rotatory.  They  are  coloured  yellow  by  alkalies  and  mineral  acids, 
and  concentrated  nitric  and  sulphuric  acids  behave  as  with  col- 
chicine. The  solution  in  hydrochloric  acid  reacts  for  the  most 
part  like  colchicine.  If  sufficiently  concentrated,  auric  chloride 
throws  down  an  orange-coloured  aurichloride,  B,HAuCl4,  crystal- 
lising in  needles.  Bromine-water,  phenol-water,  and  phospho- 
molybdic  acid  give  slight  precipitates  with  aqueous  solutions  of 
colchiceine,  but  most  other  alkaloidal  reagents  give  negative 
reactions.  Precipitates  are  produced  by  acetates  of  lead  and 
copper.  Ferric  chloride  gives  a  fine  green  coloration  with  a 
dilute  acidulated  solution  of  colchiceine. 

When  colchiceine  (or  colchicine)  is  heated  in  the  water-bath 
with  3  or  4  parts  of  hydrochloric  acid  of  1'15  sp.  gravity,  acetic 
acid  is  evolved,  and  a  mixture  of  the  hydrochlorides  of  colchic 
acid  and  its  di-  and  tri-methylated  derivatives  is  obtained.  When 
a  trial  portion  of  the  solution  ceases  to  become  turbid  when  mixed 
with  water,  the  product  is  diluted  with  a  little  water  and  shaken 
twice  with  chloroform,  which  extracts  the  hydrochloride  of  tri- 
methylcolchic  acid  and  any  unchanged  colchiceine  only.  The 
chloroform  solution  is  evaporated,  the  residue  taken  up  with  water, 
and  the  separation  of  unchanged  colchiceine  promoted  by  adding 
a  crystal  of  that  substance.  The  filtered  solution  is  again  shaken 
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with  chloroform,  which  now  takes  up  colchiceine  only,  and  the 
aqueous  liquid  leaves  the  hydrochloride  of  trimethylcolchic  acid 
on  evaporation.  On  treating  the  last  aqueous  solution  with  an 
amount  of  caustic  potash  sufficient  to  react  with  the  hydrochloric 
acid  only,  free  trimethylcolchic  acid  separates  on  cooling. 

TRIMETHYLCOLCHIC  ACID,  C16H12(CH3)3N05-f  2H20,  forms 
minute  yellow  prisms,  melting  at  159°  C.  It  closely  simulates 
colchiceine  in  its  reactions.  Ferric  chloride  produces  a  garnet-red 
coloration  with  green  dichro'ism.  On  further  addition  of  the  reagent 
or  of  hydrochloric  acid,  the  colour  becomes  green,  and  on  shaking 
with  chloroform  the  same  reaction  is  obtained  as  with  colchicine. 
Trimethylcolchic  acid  forms  a  hydrochloride,  crystallising  in 
glistening,  yellowish-white  plates,  moderately  soluble  in  cold  water 
to  form  a  yellow  solution.  B2,H2PtCl64-2aq  forms  small  yellow 
needles,  and  B,HAuCl4  a  brown  precipitate.  The  solutions  also 
give  precipitates  with  chlorine-,  bromine-  and  iodine-water,  picric 
acid,  and  cadmium  iodide. 

DIMETHYLCOLCHIC  ACID,  C16H13(CH3)2N05  +  4 JH20,  produced 
together  with  the  last  substance,  forms  minute  yellow  prisms, 
melting  at  141°.  B,HCl  +  aq  forms  sparingly  soluble,  white, 
microscopic  needles.  Its  solution  is  precipitated  by  most  of  the 
alkaloidal  reagents,  except  platinic  chloride  and  tannin.  It  dis- 
solves in  concentrated  sulphuric  acid  with  orange  colour,  and  on 
addition  of  a  minute  quantity  of  a  nitrate  gives  the  same  colour- 
reactions  as  colchicine.  With  ferric  chloride  it  behaves  like 
trimethylcolchic  acid. 

COLCHIC  ACID,  or  COLCHICINIC  ACID,  C16H15N05,  is  the  final 
product  of  the  action  of  strong  acid  on  colchicine,  and  is  obtained 
by  heating  that  body  or  colchiceine  with  four  parts  of  fuming 
hydrochloric  acid  to  1 40°  C.  The  resultant  hydrochloride  is  very 
soluble  in  water,  and  yields  the  free  "  acid  "  on  fractional  neutral- 
isation with  caustic  potash.  Colchic  acid  forms  brown  flakes,  the 
solution  of  which  is  precipitated  by  most  of  the  alkaloidal  reagents. 
With  ferric  chloride  the  solution  in  hydrochloric  acid  gives  an 
intense  brownish-red  colour,  which  is  not  taken  up  by  chloroform. 
On  adding  a  trace  of  potassium  nitrate  to  the  solution  in  concen- 
trated sulphuric  acid,  a  dull  red  colour  is  produced,  which  changes 
to  a  splendid  red  colour  on  the  addition  of  excess  of  ammonia. 

ASSAY  OF  COLCHICUM.     DETERMINATION  OF  COLCHICINE. 

The  parts  of  the  m  e  a  d  o  w  saffron  which  contain  colchicine 
in  largest  proportion  are  the  seeds  and  the  root  or  corm.  The 
British  Pharmacopoeia  directs  the  employment  of  the  seeds  for  the 
preparation  of  the  tincture  (which  is  made  with  proof -spirit),  and 
the  corm  for  that  of  the  extract  or  wine  of  colchicura. 


8  ASSAY  OF  COLCHICUM  SEEDS. 

In  addition  to  colchicine,  which  is  the  only  important  medicinal 
constituent,  colchicum  corms  or  tubers  contain  starch  (about  10 
per  cent.),  gum,  sugar,  tannin,  and  fatty,  resinous  and  colouring 
matters.  The  seeds  contain  much  sugar,  a  small  proportion  of  an 
acid  resembling  gallic  acid,  and  from  6  to  8  per  cent,  of  fixed 
oil.  Colchiceine  is  probably  present  in  many  cases. 

J.  Hertel  (Year- Book  Pharm.,  1882,  page  78)  recommends, 
for  the  extraction  of  colchicine,  that  the  uncrushed  seeds  should  be 
exhausted  with  85  per  cent,  alcohol.1  Powdered  seeds  are  stated 
to  give  an  extract  loaded  with  foreign  matter  and  to  yield  less 
alkaloid.  The  solution  is  shaken  with  calcined  magnesia,  filtered 
after  a  few  hours,  and  the  filtrate  distilled  in  a  vacuum.  The 
extract  is  diluted  with  about  10  measures  of  water,  filtered  from 
oily  matter,  and  repeatedly  shaken  with  chloroform.  The  chloro- 
form is  separated,  distilled  off,  and  the  syrupy  residue  poured  on 
glass  plates  and  heated  to  80°— 100°  C.  for  an  hour,  or  until  it  is 
110  longer  soft  and  waxy  when  hot  (indicative  of  the  presence  of 
chloroform,  which  is  retained  very  obstinately).  The  brown 
brittle  mass  thus  obtained  is  dissolved  in  20  parts  of  water,  and 
the  filtered  solution  evaporated  to  dryness.  The  yield  of  alkaloid 
obtained  by  Hertel  from  colchicum  seeds,  working  in  this  manner, 
was  from  0'38  to  0*41  per  cent. 

For  the  preparation  of  colchicine,  Huber  exhausts  the  seeds 
with  boiling  alcohol,  and  dilutes  the  resultant  solution  with 
20  measures  of  water  to  precipitate  fatty  matters.  The  filtered 
liquid  is  treated  with  basic  acetate  of  lead,  and  the  excess  of  lead 
removed  by  sodium  phosphate.  The  colchicine  is  precipitated 
from  the  filtrate  by  tannic  acid,  which  is  said  to  form  a  compound 
of  definite  composition.  The  moist  precipitate  is  mixed  with 
oxide  of  lead  and  the  mass  treated  with  boiling  alcohol,  which  on 
evaporation  leaves  the  colchicine  as  a  yellow  bitter  powder. 

For  the  assay  of  colchicum  seeds,  Farr  and  Wright  recom- 
mend that  20  grammes  of  the  powdered  material  should  be  exhausted 
by  cold  percolation  with  spirit  of  50  per  cent.,  25  c.c.  of  water 
added  to  the  extract,  and  the  alcohol  evaporated  at  a  moderate 
temperature.  The  residual  liquid  is  diluted  to  20  c.c.,  and  when 
quite  cold  slightly  acidulated  with  sulphuric  acid  (5  c.c.  ^HgSOJ. 
It  is  then  twice  agitated  with  petroleum-ether  to  remove  oil, 
and  colouring  matter,  and  the  separated  aqueous  liquid  made 

1  Other  operators  prefer  proof-spirit  to  stronger  alcohol,  and  insist  on  the 
necessity  of  using  a  hot  solvent.  R.  A.  Cripps  (Pharm.  Jour.,  [3],  xxii. 
364)  has  shown  that  the  amount  of  alkaloids  extracted  when  uncrushed  seeds 
are  used  is  little  more  than  one-fourth  of  the  quantity  obtained  when  the 
powdered  drug  is  used. 
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slightly  ammoniacal  and  agitated  twice  with  chloroform,  the 
separated  chloroform  evaporated,  and  the  residual  alkaloid  dried  at 
100°  and  weighed.1  The  proportion  of  alkaloid  found  in  the 
seeds  by  Farr  and  Wright  (Pharm.  Jour.,  [3],  xxi.  957)  by  this 
process  ranged  from  0'46  to  0'95  per  cent.  This  variation  in 
alkaloidal  strength  extends  to  the  official  tincture  of  colchicum, 
which  causes  an  uncertainty  as  to  its  potency  highly  objectionable 
in  the  case  of  so  active  a  preparation. 

TOXICOLOGY  OF  COLCHICUM. 

Colchicine  has  valuable  medicinal  properties,  and  in  excessive 
doses  is  a  powerful  poison.  The  free  alkaloid  is  not  official,  but 
is  employed  in  the  forms  of  extract  or  wine  prepared  from  the 
corms,  or  of  a  tincture  of  colchicum  seeds.  Colchicum  is  the 
active  ingredient  of  certain  proprietary  remedies  for  the  treatment 
of  gout,  but  is  regarded  with  grave  mistrust  by  many  competent 
authorities,  owing  to  the  variable  effects  produced  by  it.  These 
are  probably  in  great  measure  due  to  the  uncertain  alkaloidal 
strength  of  the  official  tincture  and  other  preparations.  Colchicine 
augments  the  excretion  of  uric  acid,  and  reduces  the  quantity  con- 
tained in  the  blood  j  but  its  accumulation  in  the  system  and  marked 
toxicity  render  great  caution  necessary  in  its  administration.  The 
elimination  of  colchicine  from  the  system  occurs  chiefly  by  the 
kidneys,  but  is  very  slow ;  and  hence  small  doses,  not  poisonous  in 
themselves  (0*00016  gramme  per  kilogramme  of  body-weight),  may 
cause  death  within  five  days.  Colchicine  causes  congestion  in  the 
articular  extremities  and  the  marrow  of  the  bones. 

According  to  Mairet  and  Combemale  (Compt.  rend.,  civ. 
439,  515),  colchicine  acts,  according  to  the  dose,  either  as  a 
diuretic  or  as  a  purgative,  and  in  excessive  quantities  is  an  irritant 
poison,  affecting  more  especially  the  digestive  canal  and  the 
kidneys,  though  capable  of  irritating  any  of  the  organs.  Its 
therapeutic  effects  are  the  same  whether  administered  subcutane- 
ously  or  by  the  stomach,  but  in  the  former  case  the  action  is  more 
rapid  and  the  dose  required  is  smaller.  In  proportion  to  their 
weight,  men  are  three  times  more  susceptible  to  colchicine  than 
are  dogs  or  cats,  the  total  dose  required  to  produce  diuresis  in  man 
being  0'002  to  0'003  gramme,  and  for  a  purgative  effect  0'005 
gramme.  The  fatal  hypodermic  dose  of  colchicine  for  dogs  and 
cats  is  0'000571  gramme,  and  when  taken  internally  0'00125 
gramme,  per  kilogramme  of  the  weight  of  the  animal. 

Poisonous   doses    of  colchicum  occasion  all   the   symptoms  of 

1  It  might  be  well  to  treat  the  residue  with  a  little  water,  and  again  evapo- 
rate and  dry  at  100°  to  ensure  the  decomposition  of  the  compound  of  colchicine 
with  chloroform.  K.  Wright  considers  this  precaution  unnecessary. 
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violent  gastrointestinal  irritation,  including  griping,  vomiting, 
diarrhoea,  prostration,  and  painful  spasms  of  the  limbs  and  trunk 
(but  without  tenderness  of  the  abdomen),  followed  by  resolution 
and  collapse,  without  delirium  or  coma.  On  post-mortem  exami- 
nation, the  most  notable  symptoms  are  lividity  of  the  skin  in 
depending  parts,  engorgement  of  the  veins,  dark  pitchy  blood  in 
the  lungs,  brain  and  trunk,  sometimes  a  dark-coloured  injection  of 
the  gastro-intestinal  mucous  membrane,  and  more  or  less  shedding 
of  the  intestinal  epithelium.  The  kidneys  are  pale. 

In  searching  for  colchicum,  it  must  be  remembered  that  the 
active  principle  colchicine  readily  suffers  decomposition  by  heating 
with  alkalies  or  dilute  mineral  acids,  and  that  it  is  extracted  from 
both  alkaline  and  acidulated  aqueous  liquids  by  agitation  with 
chloroform,  but  not  by  petroleum-spirit,  which  latter  solvent  may 
consequently  be  employed  to  remove  fatty  and  resinous  matters. 
When  isolated  in  a  fairly  pure  state,  the  chemical  reactions  of 
colchicine  and  its  decomposition-product  colchiceine  are  sufficient 
for  the  recognition  of  the  poison. 

For  the  identification  of  the  alkaloid  when  thus  isolated, 
Obolonski  (Zeit.  Anal.  Chem.,  xxix.  493)  prefers  the  violet 
coloration  with  nitric  acid  ;  the  reaction  with  Erdmann's  reagent 
(Part  ii.  page  146),  which  gives,  in  succession,  green,?  dark-blue, 
violet,  and  yellow  colorations,  turning  to  raspberry-red  on  adding 
alkali  ;  and  the  green  colour  produced  by  sulphovanadic  acid 
(Part  ii.  page  148).  Obolonski  states  that  colchicine  is  with 
difficulty  destroyed  by  putrefaction  of  animal  matter,  and  that 
the  kidneys,  bladder,  and  urine  are  best  suited  for  toxicological 
examination. 

A  non-poisonous  substance  giving  many  of  the  reactions  of 
colchicine  has  been  found  among  the  normal  constituents  of  beer, 
being  apparently  derived  from  the  hops  (Archiv.  der  Pharm.,  [3], 
viii.  411  •  Pharm.  Jour.,  [3],  vii.  351.  See  further,  Zeitsch.  anal. 
Chem.,xvi.  116,  328). 

Alkaloids  of  Laburnum  and  Furze. 

CYTISINB,  C^Hj^O,1  is  contained  in  the  unripe  seeds,  bark, 
and  other  parts  of  the  laburnum  (Cytisus  laburnum},  and  several 
other  species  of  the  same  genus.  It  is  identical  with  the  alkaloid 
of  furze  (Ulex  Europceus),  sometimes  called  ulexine. 

To  isolate  cytisine,  A.  Partheil  (Archiv.  der  Pharm.,  ccxxxi. 
448)  recommends  that  laburnum-seeds  should  be  extracted  with 


,  the  formula  formerly  attributed  to  cytisine,  has  been  dis- 
proved by  Partheil  and  other  recent  observers,  and  the  simpler  expression 
confirmed  by  Raoult's  method. 
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60  per  cent,  alcohol  acidulated  with  acetic  acid,  the  alcohol  distilled 
oil',  and  the  extract  dissolved  in  water.  The  solution  is  passed 
through  a  wet  filter  to  separate  oil  and  resin,  and  then  precipitated 
by  lead  acetate.  The  filtered  liquid  is  then  rendered  strongly 
alkaline  by  caustic  potash,  and  shaken  with  chloroform  or  amylic 
alcohol.  The  separated  solvent  is  agitated  with  dilute  hydro- 
chloric acid,  and  the  acid  solution  evaporated  to  dryness.  On 
treating  the  residue  with  cold  absolute  alcohol  almost  all  the 
colouring  matter  is  separated,  and  by  repeatedly  crystallising  the 
residual  cytisine  hydrochloride  from  water  it  is  obtained  in  colour- 
less, well-defined  crystals.  On  decomposing  the  salt  with  strong 
caustic  potash  and  extracting  with  chloroform,  the  free  alkaloid  is 
obtained  as  a  pale  yellow  oil,  which  quickly  solidifies  to  a  crystal- 
line mass,  and  may  be  further  purified  by  recrystallisation  from 
absolute  alcohol  or  boiling  petroleum-spirit.1 

The  constitution  of  cytisine  has  not  been  definitely  ascertaineol, 
but  one  of  the  atoms  of  nitrogen  is  in  secondary  combination,  as 
shown  by  the  behaviour  of  the  base  with  methyl  iodide,  acetic 
anhydride,  and  nitrous  acid.  The  other  nitrogen  atom  is  either  in 
tertiary  or  quaternary  combination ;  while  the  oxygen  exists 
neither  as  hydroxyl  nor  methoxyl,  no  acetyl-derivative  being 
obtainable  from  methyl-cytisine  on  treatment  with  acetic  anhy- 
dride. On  distillation  of  cytisine  with  soda-lime,  a  base  of  the 
formula  C9H13N  is  obtained,  which  shows  the  alkaloid,  to  be  a 
pyridine-derivative. 

Cytisine  forms  large,  transparent,  odourless,  anhydrous  prismatic 
needles  or  laminae,  melting  at  150°-153°,  and  said  to  be  sublim- 
able  unchanged.  It  is  extremely  soluble  in  water,  alcohol,  and 
chloroform,  but  less  readily  in  benzene,  amylic  alcohol,  or  acetone ; 
and  is  nearly  insoluble  in  ether,  petroleum-spirit,  or  carbon 
disulphide.  Benzene  dissolves  1*26,  and  amylic  alcohol  0'30  per 
cent.  In  aqueous  solution,  cytisine  is  strongly  alkaline,  and 
exhibits  the  optical  activity  [a]D=  — 119*6°. 

Cytisine  is  a  strong  base,  displacing  ammonia  from  its  salts  even 
in  the  cold.  All  the  ordinary  salts  are  crystallisable  and  soluble. 
B,HC1  and  B(HCl)2  +  2jaq  have  been  described.  Two  chloro- 
platinates  are  known  ;  B2,H2PtCl6  forming  pale  yellow,  lustrous, 
sparingly  soluble  plates  or  needles,  and  B,H2PtCl6-f2jaq  golden 
yellow,  tolerably  soluble  needles,  which  decompose  when  heated 

1  From  the  ripe  seeds  of  Cytisus  laburnum,  Partheil  isolated  about  1'5 
per  cent,  of  cytisine,  while  the  leaves  and  fruit  gave  smaller  amounts. 
Choline  was  also  found,  but  the  base  soluble  in  ether  mentioned  by  Gerrard 
and  Symons  could  not  be  obtained. 
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without  previously  melting.  B,HAuCl4  crystallises  in  short, 
reddish  -  brown  needles,  which  melt  with  decomposition  at 
212°-213°. 

Cytisine  gives  precipitates  with  the  usual  alkaloidal  reagents. 
Bromine-water  gives  an  orange-red  precipitate  in  very  dilute 
solutions  (1  :  15,000),  as  also  do  phospho-molybdic  and  phospho- 
tungstic  acids  (1  :  30,000).  The  most  characteristic  reaction  of 
cytisine  and  its  salts  is  that  with  ferric  chloride,  which  produces 
a  red  coloration.  This  is  destroyed  by  hydrogen  peroxide,  but 
on  then  warming  the  liquid  a  blue  coloration  is  immediately  pro- 
duced. This  reaction  is  very  characteristic,  and  is  said  to  be 
produced  by  0'00005  gramme  of  cytisine. 

Another  characteristic  reaction  of  cytisine  is  that  observed  by 
Magalhaes,  which  consists  in  adding  thymol  to  a  solution  of 
cytisine  in  concentrated  sulphuric  acid,  and  heating,  when  a  yellow 
coloration,  finally  passing  into  intense  red,  is  produced. 

With  strong  sulphuric  acid,  cytisine  affords  no  colour-reaction, 
but  on  adding  potassium  bichromate  a  yellow  colour,  changing  to 
brown,  is  produced,  or  with  nitric  acid  an  orange-yellow.  It  does 
not  reduce  phospho-molybdic  acid. 

Cytisine  possesses  marked  poisonous  properties.  A  case  is 
recorded  of  a  child  having  been  poisoned  by  milk  from  a  cow 
which  had  fed  on  laburnum,  though  cytisine  has  been  ascertained 
to  be  relatively  innocuous  to  cattle.  All  parts  of  the  laburnum 
contain  cytisine,  and  cases  are  on  record  of  poisoning  by  the 
seeds,  flowers,  bark,  and  twigs.  Cytisine  has  been  described 
as  intermediate  in  its  action  between  strychnine  and  curarine, 
but  vomiting  and  diarrhoea  are  common.  The  pupil  is  often 
dilated. 

In  toxicological  inquiries,  cytisine  is  best  isolated  by  extraction 
with  chloroform  from  a  solution  containing  excess  of  caustic  alkali. 
The  urine  and  vomit  are  the  most  likely  to  contain  the  alkaloid. 
Salts  of  cytisine  are  excreted  by  the  kidneys  within  twenty-four 
hours,  but  if  laburnum  seeds  or  leaves  have  been  employed,  the 
elimination  may  take  a  longer  time. 

An  alkaloid  isolated  by  A.  W.  Gerrard  from  the  Furze 
(Ulex  Europceus)  (Pharm.  Jour.,  [3],  xvii.  101,  229;  xix.  1029), 
and  called  by  him  ulexine,  is  regarded  by  Kobert,  Partheil, 
and  others  (Pharm.  Jour.,  [3],  xxi.  759)  as  identical  with  cytisine. 
Gerrard  at  first  disputed  the  identity  of  the  two  bases  (Pharm. 
Jour.,  [3],  xx.  1017),  but  is  now  satisfied  of  the  fact  (private 
communication ). 

Cytisine  is  present  in  the  bark  and  young  tops  of  furze,  but  in 
smaller  proportion  than  in  the  seeds,  from  which  Gerrard  isolated 
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0'19  per  cent,  while  Partheil  (Ber.,  xxiv.  634)  obtained  as  much 
as  1  per  cent.1  The  cytisine  from  furze  causes  clonic  spasms  in 
frogs,  and  when  the  hydrochloride  is  placed  on  the  tongue  it 
produces  numbness,  similar  to  but  less  powerful  than  that  pro- 
duced by  cocaine. 

Gerrard  has  obtained  indications  of  the  presence  in  furze- 
seeds  of  a  second  alkaloid  which  is  soluble  in  ether. 

SOPHORINE,  an  alkaloid  contained  in  Sophora  tormentosa,  is 
regarded  by  Greshoff  as  not  improbably  identical  with  cytisine 
(Pharm.  Jour.,  [3],  xxi.  559,  1056;  xxii.  609). 

Alkaloids  of  Stavesacre. 

The  seeds  of  Delphinium  Staphisagria  contain  several  optically 
inactive  alkaloids,  which  have  been  recently  re-investigated  by 
Charalampi  (/.  Pharm.,  [5],  xxiii.  202;  abst.  Jour.  Chem.  Soc., 
Ix.  842).2 

DELPHININE,  C31H49N07,  or  C22H35NOg,  forms  rhombic  crystals 
melting  at  192°,  having  a  pungent  burning  taste,  is  irritant  and 
purgative.  Its  alkaline  reaction  gives  no  colour-reactions  with 
acids,  but  when  mixed  with  1  to  2  volumes  of  malic  acid,  and 
treated  with  sulphuric  acid,  it  yields  an  orange-coloured  mass, 
which  after  several  hours,  becomes  dark  rose-red,  and  ultimately  a 
dirty  blue. 

DELPHISINE,  C31H50N07  (?),  forms  needles  melting  at  189'2°, 
less  soluble  than  delphinine  in  ether.  With  sulphuric  acid  and 
bromine-water  it  gives  violet  coloration,  and  with  sulphuric  acid 
and  sugar  a  yellowish-brown  colour,  changing  to  green  on  adding 
a  little  water. 

DELPHINOIDINE,  C25H42N"04,  or  C42H68N207,  is  an  amorphous 
base,  which  remains  in  the  ethereal  solution  after  the  separation 
of  the  crystallisable  bases.  It  gives  the  same  colour-reactions  as 
delphisine. 

STAPHYSAGRINE,  contained  in  the  residue  after  the  separation  of 
the  preceding  bases,  is  regarded  by  Charalampi  as  a  mixture  of 
four  amorphous  alkaloids.  The  product  described  under  the  same 

1  Coarsely  powdered  furze-seeds  were  extracted  with  alcohol  acidified  with 
acetic  acid,  the  solution  distilled,  and  the  residue  treated  with  hot  water  and 
filtered  to  separate  oil  and  resin.     The  solution  was  precipitated  with  lead 
acetate,  and  the  filtrate  treated  with  excess  of  soda  and  extracted  with 
chloroform. 

2  The  characters  ascribed  to  the  Delphinium  alkaloids  by  Charalampi  do 
not  agree  with  those  of  previous  observers,  and  his  formulae  for  delphisine 
and  delphinoidine  are  very  improbable,  as  they  are  not  in  accordance  with 
the  law  that  the  sum  of  the  H  and  N  atoms  should  be  an  even  number. 
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name  by  Marquis  (1877)  had  the  composition  C22H33X05, 
melted  at  90°  C.,  was  soluble  in  200  parts  of  water  and  850  of 
ether,  and  very  freely  in  alcohol  and  chloroform.  It  gave 
with  strong  sulphuric  acid  a  faint  cherry-red  colour  ;  with  fuming 
nitric  acid,  a  blood-red ;  and  with  sulphuric  acid  and  bromine- 
water,  a  transient  reddish  colour. 

The  alkaloids  of  stavesacre,  especially  delphinine  and  delphi- 
sine,  are  powerful  poisons,  resembling  aconitine  in  their  action. 
Delphinine  is  said  to  have  been  employed  with  success  in  neu- 
ralgia, ear-ache,  and  tooth-ache.  The  dose  is  stated  to  be  J  grain. 
The  seeds  of  stavesacre  or  larkspur  are  no  longer  official,  but  are 
still  much  used,  as  also  is  an  infusion  made  from  the  flowers. 

Alkaloids  of  the  Calabar  Bean. 

ESERINE  or  PHYSOSTIGMINE,  C13H17N2(OH)(CO)(KCH3) ;  or 
C15H21N302.  This  base  is  the  characteristic  poisonous  alkaloid  of 
the  Calabar  bean  (Physostigma  venenosum  or  P.  faba)  of 
West  Africa  -,1  also  known  as  the  esere-nut,  chap-nut,  and  ordeal 
bean.2 

Eserine  forms  crystals,  which  when  pure  are  colourless,  but 
which  often  have  a  pale  red  tint.  Eserine  is  commonly  stated  to 
soften  at  about  40°,  melt  at  45°,  and  redden  and  decompose 
below  100°;  but  according  to  Petit  and  Polonovsky  (Bull. 
Soc.  Chim.,  1893,  ix.  1008),  it  melts  at  105°  to  106°. 

Eserine  is  very  slightly  soluble  in  water,  readily  soluble  in 
alcohol,  ether,  chloroform,  benzene,  and  carbon  disulphide ;  but 
insoluble  in  petroleum-ether. 

Eserine  is  Isevo-rotatory,  the  value  for  [a]D  being  : — in  chloroform 
solution,  —82°;  in  98  percent,  alcohol,  —89°;  and  in  benzene 
or  toluene,  -120°. 

1  Physostigma  cylindrospermum  is  probably  occasionally  substituted  for  the 
official  bean. 

2  "The  Pharmacognosy  and  Chemistry  of  Calabar  Beans  "  forms  the  subject 
of  an  able  paper  by  P.  MacEwen  (Chem.  and  Druggist,  xxx.  193  ;  Pharm. 
Jour.,  [3],  xvii.  641),  who  recommends  the  following  process  for  the  extrac- 
tion of  the  alkaloids  : — Digest  the  powdered  bean  with  its  own  weight  of  a 
mixture  of  three  parts  of  rectified  spirit  with  one  part  of  water  for  a  day, 
then  pack  in  a  percolator,  and  percolate  with  the  same  alcoholic  menstruum 
until  the  percolate  on  dilution  with  water  gives  only  a  slight  opacity  with 
Mayer's  solution.     The  spirit  is  then  evaporated,  and  the  aqueous  residue 
treated  with  basic  lead  acetate,  to  remove  extractive  and  colouring  matters. 
The  liquid  is  filtered,  the  excess  of  lead  removed  by  sulphuretted  hydrogen, 
the  alkaloid  liberated  by  ammonium  carbonate,  and  extracted  by  agitation 
with  chloroform,  which  on  evaporation  leaves  the  alkaloids  as  a  residue  of 
pale  amber  colour,  wholly  soluble  in  dilute  acid. 
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The  aqueous  solution  of  eserine  is  strongly  alkaline  to  litmus, 
and  precipitates  ferric  hydroxide  from  a  solution  of  ferric 
chloride. 

On  exposure  to  air  and  light,  an  aqueous  solution  of  eserine 
becomes  red,  and  ultimately  dark  brown,  with  formation  of  a  red, 
crystallisable  colouring  matter  called  rubeserine,  soluble  in 
chloroform.  The  formation  of  rubeserine  has  been  attributed  to 
absorption  of  atmospheric  ammonia,  and  is  greatly  facilitated  by 
the  presence  of  alkalies,  even  the  traces  dissolved  from  glass  being 
said  to  be  effective.  On  treating  the  reddened  solution  with 
hypophosphorous  acid,  sulphurous  acid,  sulphuretted  hydrogen, 
sodium  thiosulphate,  or  nascent  hydrogen,  in  presence  of  a  trace 
of  free  acid,  the  liquid  is  decolorised. 

With  caustic  alkalies  and  fixed  alkaline  carbonates,  concen- 
trated solutions  of  eserine  salts  give  oily  precipitates  of  the  free 
base,  but  no  precipitates  are  formed  in  more  dilute  solutions.  On 
shaking  the  alkaline  liquid  with  air,  it  rapidly  acquires  a  pink-red 
colour.  On  agitation  with  chloroform,  rubeserine  is  dissolved 
out,  and  colours  the  chloroform  orange-red. 

If  a  drop  of  a  very  dilute  solution  of  eserine  be  placed  on  a 
white  plate,  and  brought  in  contact  with  a  drop  of  dilute  (5  per 
cent.)  solution  of  caustic  alkali,  the  point  of  contact  will  acquire 
a  red  colour.  On  evaporation  the  liquid  becomes  yellow,  and  the 
residue  salmon-pink,  and  soluble  in  water  with  yellow  colour. 

If  a  minute  quantity  of  eserine  or  one  of  its  salts  be  treated 
with  excess  of  ammonia,  and  the  liquid  heated  on  the  water- 
bath,  it  turns  in  succession  pale  red,  red,  yellowish-red,  yellow, 
green,  and  finally  blue.  If  the  liquid  be  evaporated  to  dryness, 
a  blue  or  bluish  residue  is  left.  This  is  soluble  in  alcohol  with 
blue  colour,  and,  on  concentrating  the  solution,  the  colouring  matter 
is  deposited  in  long  prisms,  capable  of  dyeing  silk  without  a 
mordant,  and  staining  the  skin,  &c.  The  colour  dissolves  in 
dilute  acetic  or  other  dilute  acid  with  purple-red  coloration,  and 
the  solution  exhibits  a  strong  reddish  fluorescence  when  viewed 
by  reflected  light.1  On  evaporation,  this  liquid  leaves  a  residue 
which  is  first  green,  but  changes  subsequently  to  blue,  and  is  then 
soluble  in  alcohol,  water,  or  chloroform,  but  not  in  ether.  From 
the  watery  ammoniacal  solution,  chloroform  only  partially  extracts 

1  The  ammonia  test  for  eserine  was  first  described  in  1872  by  Petit 
(Journ.  de  Pharm.,  [4],  xiii.  327),  and  is  official  in  the  French  Codex  and 
U.S.  Pharmacopoeia.  In  the  British  Pharmacopoeia  of  1885,  for  some  un- 
accountable reason,  potash  is  substituted  for  ammonia,  with  the  effect  of 
rendering  the  test  worthless,  as  pointed  out  by  J.  C.  U  m  n  e  y  (Pharm. 
Jour.,  [3],  xx.  1061)  and  confirmed  by  the  author. 
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the  blue  colouring  matter.  On  treating  the  above-mentioned  blue 
solutions  with  sulphuretted  hydrogen  or  other  reducing  agent, 
they  are  first  reddened  and  then  decolorised.  On  heating  the 
decolorised  liquid  on  the  water-bath,  so  as  to  expel  the  sulphuretted 
hydrogen,  the  blue  colour  returns. 

All  the  foregoing  colour-reactions  appear  to  be  due  to  the 
formation  or  decomposition  of  rubeserine.  According  to  Eber 
(Pharm.  Zeit.,  1888,  p.  483),  rubeserine  is  not  a  simple  oxidation- 
product  of  eserine,  a  strongly  alkaline  volatile  base  being  simul- 
taneously formed,  which,  like  rubeserine,  has  no  action  on  the 
pupil.  Neither  rubeserine,  the  blue  compound,  nor  the  volatile 
base  were  found  by  Eber  in  the  urine  of  an  animal  to  which 
eserine  had  been  administered;  but  a  base  was  separated  which 
closely  resembled  eserine  except  for  the  fact  that  it  had  no  action 
on  the  pupil.  The  same  inactive  base  was  separated  from  certain 
samples  of  commercial  eserine,  and  is  stated  by  Eber  to  be  formed 
by  boiling  a  neutral  solution  of  eserine.  Eber  believes  this  base 
to  be  an  intermediate  product  in  the  formation  of  rubeserine  from 
eserine,  and  attributes  to  its  presence  the  very  rapid  reddening  of 
some  samples  of  commercial  eserine.  These  results  are  confirmed 
by  Ehrenberg,  who  finds  that  if  alkalies  be  allowed  to  act  on 
eserine  in  the  absence  of  air  and  in  the  cold,  a  new  base  is 
formed,  and  can  be  obtained  in  crystals  by  means  of  dry  ether. 
Ehrenberg  calls  this  substance  eseroline,  and  attributes  to  it  the 
formula  C13H18N20.  On  exposure  to  air  it  rapidly  oxidises  to 
rubeserine.  It  is  not  yielded  by  similar  treatment  of  eseridine. 

According  to  Harnach  and  Wittowski,  calabarine  is  formed 
by  the  action  of  alkalies  on  eserine. 

Eserine  is  decomposed  by  boiling  with  dilute  acids. 

If  a  solution  of  eserine  or  one  of  its  salts  be  heated  to  boiling, 
and  a  few  drops  of  strong  nitric  acid  added,  an  orange -coloured 
liquid  is  obtained,  which  on  addition  of  caustic  soda  in  excess 
yields  an  intensely  violet  solution,  becoming  wine-red  on  dilution 
with  water.  The  violet  colour  is  changed  to  pale  orange  by  acids, 
and  restored  by  alkalies  (J.  E.  Saul,  Pharm.  Jour.,  [3],  xvii.  642  ; 
xxiv.  300). 

Another  form  of  the  nitric  acid  test  has  been  described  by 
S.  J.  F.  da  Silva  (Compt.  rend.,  cxvii.  330).  A  minute  frag- 
ment of  eserine  or  one  of  its  salts  is  treated  in  a  porcelain 
capsule  with  a  drop  or  two  of  fuming  nitric  acid.  The  clear 
yellow  solution  which  is  obtained  changes  to  orange  when  heated 
to  100°,  and  on  evaporation  to  dryness  on  the  water-bath,  while 
stirring,  a  green  residue  is  obtained,  for  which  da  Silva  proposes 
the  name  chloreserine.  This  dissolves  in  water,  or  more 
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readily  in  strong  alcohol,  with  deep  green  colour,  the  colouring 
matter  being  recovered  unchanged  on  evaporation.  The  residue 
dissolves  in  strong  sulphuric  acid  to  form  a  green,  non-fluorescent 
solution.  Ammonia  does  not  affect  chloreserine,  but  if  a  drop  of 
nitric  acid  be  allowed  to  fall  on  the  green  residue  while  on  the 
water-bath,  it  is  turned  blue  in  those  parts  not  directly  in  contact 
with  the  acid,  and  subsequently  a  reddish-violet  solution  is  formed, 
which  changes  after  a  time  to  greenish-yellow.  This  solution, 
when  diluted,  is  fluorescent,  appearing  of  a  blood- red  colour  by 
reflected  light,  and  greenish-yellow  by  transmitted  light. 

With  strong  sulphuric  acid,  solid  eserine  yields  a  yellow  or 
brownish  coloration,  which  changes  gradually  to  orange  or  red. 
Concentrated  hydrochloric  acid  also  produces  a  pink  or  reddish 
colour  when  added  to  solid  eserine,  especially  if  the  mixture  be 
warmed. 

Bromine-water,  avoiding  excess,  gives  an  intense  red  colour 
with  eserine,  both  in  the  solid  state  and  in  solution.  Bleaching 
powder  solution  behaves  somewhat  similarly,  but  its  action  is  diffi- 
cult to  control. 

Except  in  very  concentrated  solution,  eserine  yields  no  preci- 
pitate with  platinic  or  mercuric  chloride,  potassium  dichromate,  or 
picric  acid.  Phospho-molybdic  acid  and  iodised  potassium  iodide 
precipitate  eserine  from  very  dilute  solutions.  With  Mayer's 
reagent,  eserine  yields  a  precipitate  of  the  composition  B,HHgI3, 
melting  at  70°  C.,  crystallising  from  alcohol  in  small  prisms,  and 
soluble  in  a  mixture  of  alcohol  and  ether. 

According  to  E  b  e  r,  auric  chloride,  potassio-bismuth  iodide, 
and  potassio-zinc  iodide,  used  as  precipitants  of  eserine  from  a 
solution  of  the  sulphate,  give  distinct  reactions  with  too  minute 
quantities  for  recognition  by  the  physiological  test. 

Eserine  derives  its  chief  interest  and  practical  importance  from 
its  energetic  action  on  the  pupil  of  the  eye,  which  is  powerfully 
contracted  by  very  minute  quantities  of  the  alkaloid.  Thus,  if 
O'OIO  gramme  of  eserine  be  dissolved  in  10  c.c.  of  water,  and  one 
or  two  drops  of  this  O'l  per  cent,  solution  be  introduced  into  the 
eye,  the  pupil  will  become  contracted  to  the  size  of  a  pin's  head. 
The  time  required  for  this  to  occur  will  be  not  longer  than  fifteen 
minutes,  but  varies  with  different  persons.  Little  or  no  incon- 
venience is  occasioned,  and  the  eye  soon  returns  to  its  normal 
condition. 

Administered  internally,  eserine  acts  as  a  powerful  poison. 
The  principal  symptoms  are  usually  severe  griping  pains,  constant 
vomiting,  and  contracted  pupils.  Staggering  and  purging  are  also 
observed  in  some  cases. 
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Eserine  (in  the  free  state,  under  the  name  of  physostigmine)  is 
official  in  the  British  Pharmacopoeia,  which  describes  it  as  occurring 
in  colourless  or  pinkish  crystals.  The  alkaloid  is  also  official 
in  the  French  Codex.  In  the  U.S.  Pharmacopoeia,  physostig- 
mine sulphate  and  salicylate  are  official.  Physostigmine  sulphate, 
B2,H2S04,  is  described  as  a  white  or  yellowish- white,  micro- 
crystalline  powder,  very  deliquescent,  and  gradually  reddening 
on  exposure  to  air  and  light.  It  melts  at  105°,  and  dissolves 
very  readily  in  alcohol  and  water,  forming  solutions  neutral  to 
litmus.  Physostigmine  salicylate,  B,C7H603,  forms  colourless  or 
faintly  yellowish  shining  needles,  or  short  columnar  crystals, 
soluble  in  150  parts  of  cold  water,  or  30  of  boiling  water.  It  is 
also  soluble  in  12  parts  of  cold  alcohol,  and  more  readily  on 
boiling.  The  salt  melts  at  about  179°,  has  a  faintly  acid  reaction 
to  litmus,  and  acquires  a  reddish  tint  on  exposure  to  light  and  air. 
Physostigmine  benzoate,  B,C7H602,  is  prepared  by  mixing  ethereal 
solutions  of  eserine  and  benzoic  acid,  and  evaporating  the  ether, 
when  the  salt  separates  in  short  white  prisms,  which  melt  at  1 1 5°- 
116°,  are  not  deliquescent,  but  dissolve  in  about  four  parts  of  cold 
water,  and  are  also  soluble  in  alcohol.  Physostigmine  hydrobromide, 
B,HBr,  forms  fibrous  masses,  non-deliquescent,  and  very  soluble 
in  water. 

ESERIDINE  is  a  substance  obtained  by  Eber  (Pharm.  Zeit., 
1888,  p.  611)  by  the  action  of  sulphurous  acid  on  eserine,  from 
which  it  is  said  to  differ  by  the  elements  of  water,  having  the 
formula  C15H23N302.  As  a  reducing  agent  is  used  in  its  prepara- 
tion this  composition  is  improbable.  Eseridine  has  been  prepared 
in  the  crystalline  state  by  Boehringer,  and  has  been  proposed 
as  a  substitute  for  eserine  in  therapeutics,  on  the  ground  of 
its  milder  action.  Its  advantage  over  eserine  is,  however, 
denied  by  Schweber,  the  chief  drawback  to  the  use  of 
either  alkaloid  being  the  ready  susceptibility  of  the  heart  to 
its  action. 

Eseridine  forms  small  crystals  melting  at  132°,  and  evolving 
alkaline  vapours  when  heated  more  strongly.  The  base  itself  is 
neutral  to  litmus. 

Eseridine  is  readily  soluble  in  chloroform,  but  only  sparingly 
soluble  in  ether  or  alcohol. 

In  its  chemical  reactions  eseridine  closely  resembles  the  parent 
alkaloid,  the  chief  differences  being  the  following : — With  am- 
monia, lime-water,  or  caustic  soda,  eseridine  becomes  gradually 
yellow  and  dirty-green,  not  red  like  eserine.  On  agitating  a  trace 
of  eseridine  with  a  minute  particle  of  potassium  iodate  and  water, 
a  red  solution  is  obtained,  from  which  chloroform  extracts  a 
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"brownish-red  colouring  matter.     In  presence  of  acetic  acid,   the 
chloroform  becomes  violet  from  separation  of  iodine. 

CALABARINE  is  an  alkalpidal  substance  described  by  Poehl 
(Pharm.  Jour.  Russland,  xvii.  38),  who  obtained  it  from  the  solu- 
tion from  which  eserine  had  already  been  extracted  by  agitation 
with  ether,  in  which  menstruum  calabarine  is  stated  to  be 
insoluble,  though  soluble  in  water  and  alcohol.  P.  MacEwen 
(Pharm.  Jour.,  [3],  xvii.  642)  was  unable  to  obtain  any  evidence  of 
the  presence  of  calabarine  in  the  beans  examined  by  him,  and 
Ehrenberg  denies  its  existence  ready-formed  in  the  plant,  from 
which,  however,  he  extracted  another  alkaloid  which  he  calls 
eseramine.  This  body  crystallises  in  colourless  needles  melting  at 
238°,  and  apparently  having  the  formula  C16H25N403.  It  is 
almost  without  physiological  action. 

Alkaloids  of  Gelsemium. 

The  root-bark  of  yellow  jasmine  ( Gelsemium  sempervirens) 
contains  the  alkaloids  gelsemine  and  gelseminine  in  com- 
bination with  gelsemic  acid  (page  23).1  The  former  alkaloid 
is  crystallisable,  and  forms  crystallisable  salts,  while  gelseminine 
and  its  salts  are  amorphous.  Gelsemine  is  described  in  Merck's 
lists  under  the  title  of  "  crystallised  gelseminine."  This  unfortunate 
misnomer  has  led  to  serious  confusion  between  gelsemine  and  the 
far  more  active  amorphous  base,  to  which  alone  the  name  gelsemi- 
nine should  be  applied.  The  total  alkaloids  of  gelsemium  root 
are  stated  to  range  from  0'15  to  0'25  per  cent.,  about  three- 
fourths  being  gelsemine,  though  the  medicinal  activity  of  the 
tincture  is  mainly  if  not  entirely  due  to  the  smaller  amount  of 
gelseminine. 

For  the  extraction  of  the  mixed  alkaloids  of  gelsemium  root, 
F.  A.  Thompson  (Pharm.  Jour.,  [3],  xvii.  806)  treats  the  finely 
powdered  drug  with  about  one-sixth  of  its  weight  of  slaked  lime, 
and  exhausts  the  mixture  with  strong  alcohol.  The  percolate  is 
rendered  faintly  acid  with  dilute  sulphuric  acid,  the  calcium  sul- 
phate filtered  off,  and  the  filtrate  evaporated  to  a  syrup,  which  is 
allowed  to  cool,  and  water  added  as  long  as  a  precipitate  is  pro- 
duced. On  standing  for  twenty-four  hours  the  liquid  separates 
into  two  strata,  the  upper  of  which  is  chiefly  gelsemic  acid,  and  the 

1  According  to  Ford  and  Crow  (Pharm.  Jour.,  xxiii.  924)  the  poison- 
ous alkaloid  of  Gelsemium  elegans,  a  species  growing  in  China,  is  not  asso- 
ciated with  gelsemic  acid,  and  gives,  with  sulphuric  acid  and  manganese 
dioxide,  a  deep  purplish-violet  coloration,  changing  to  a  rich  purple  hue. 
Gelsemium  elegans  has  been  repeatedly  used  for  criminal  purposes  in  Canton 
and  Hong  Kong. 
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lower  a  solution  of  the  sulphates  of  the  alkaloids.  This  is  drawn 
off,  and  the  gelsemic  acid  washed  with  cold  water.  The  solution 
is  concentrated,  and  agitated  with  ether  to  remove  a  further  por- 
tion of  the  gelsemic  acid,  the  last  portions  being  removed  by  similar 
treatment  with  chloroform.  The  aqueous  liquid  is  then  treated 
cautiously  with  caustic  soda,  and  the  liberated  alkaloids  extracted  by 
agitation  with  chloroform.  The  chloroformic  solution  is  separated, 
and  the  alkaloids  dissolved  out  by  agitating  with  water,  acidulated 
with  sulphuric  acid  (not  hydrochloric  acid).  From  the  dark  solu- 
tion of  the  sulphates  thus  obtained,  the  alkaloids  are  again 
liberated  by  alkali,  shaken  out  with  ether,  and  recovered  from  the 
separated  ethereal  solution  by  agitation  with  dilute  hydrochloric 
acid.  From  this  solution  the  sparingly  soluble  hydrochloride  of 
gelsemine  is  deposited  on  standing,  and  may  be  purified  by  repeated 
crystallisation  from  hot  alcohol,  while  the  very  soluble  gelseminine 
salt  remains  dissolved. 

An  alternative  method  is  to  extract  the  gelsemium  root  with  a 
mixture  of  three  measures  of  alcohol  and  one  of  ether,  evaporate 
the  solution,  take  up  the  residue  with  water,  and  precipitate  the 
filtered  liquid  with  lead  acetate.  The  filtrate  is  freed  from  excess 
of  lead  by  sulphuretted  hydrogen,  and  shaken  with  ether.  The 
aqueous  liquid  is  treated  with  caustic  alkali,  and  the  precipitated 
alkaloids  extracted  by  agitation  with  ether. 

GELSEMINE  l  is   a    base    of   somewhat  uncertain   formula,  but 

1  For  the  extraction  of  gelsemine,  "W  o  r  m  1  e  y  recommends  that  the  finely- 
powdered  root  should  be  exhausted  with  a  mixture  of  equal  measures  of  recti- 
fied spirit  and  water,  and  the  clear  liquid  concentrated  to  a  small  bulk, 
allowed  to  stand  for  some  time,  and  filtered.  The  filtrate  is  rendered  slightly 
alkaline  with  ammonia,  and  agitated  several  times  with  ether.  The  ethereal 
solution,  which  contains  both  the  gelsemine  and  the  gelsemic  acid,  is  treated 
with  a  slight  excess  of  hydrochloric  acid,  added  drop  by  drop,  and  a'fcwed  to 
stand  for  some  hours.  The  alkaloid  is  precipitated  as  a  more  or  less  granular 
or  crystalline  hydrochloride,  which  adheres  to  the  sides  of  the  vessel.  The 
ether  is  poured  off,  the  precipitate  washed  with  fresh  ether,  dissolved  in  a 
minimum  of  water,  and  the  filtered  solution  treated  with  a  slight  excess  of 
ammonia,  which  precipitates  the  gelsemine  as  a  white  curdy  mass,  which  is 
rapidly  filtered  off,  washed  with  a  little  cold  water,  and  dried.  On  allowing 
the  ammoniacal  filtrate  to  evaporate  spontaneously,  prismatic  crystals  of 
gelsemine  hydrochloride  are  deposited.  The  ethereal  solution  from  which  the 
gelsemine  hydrochloride  was  precipitated  on  evaporation  leaves  crystalline 
tufts  of  gelsemic  acid,  which  may  be  washed  with  a  little  cold  absolute  alcohol, 
and  recrystallised  from  boiling  alcohol.  From  the  dried  root  of  Gelsemium, 
Wormley  obtained,  on  an  average,  about  0'25  per  cent,  of  gelsemine  and  0'5 
of  gelsemic  acid.  He  believes  these  principles  to  exist  solely  in  the  root-bark, 
and  to  be  entirely  absent  from  the  woody  portion. 
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probably  contains  C4H28N"204.  Sonnenschein  adopts  the 
formula  C9.7H38N204,  while  recent  investigations  by  L.  Spiegel 
point  to  C.22H26]S"203  or  C24H.28N204.  Cushny  suggests  the 
improbable  formula,  C49H63N5014,  and  F.  A.  Thompson  that  of 

^54^69^4^12' 

GeJsemine  usually  forms  a  white  curdy  mass,  but  is  obtainable, 
with  some  difficulty,  in  crystals.  It  melts  at  45°  to  a  colourless 
liquid,  which,  on  cooling,  solidifies  to  a  transparent  vitreous  mass. 
Gelsemine  is  sparingly  soluble  in  water  (1  :  644),  more  readily  in 
alcohol,  and  very  easily  in  ether  and  chloroform.  It  has  a  strong 
alkaline  reaction,  a  persistent  and  very  bitter  taste,  dilates  the 
pupil,  and  is  poisonous. 

Gelsemine  forms  a  series  of  well-defined  and  crystallisable  salts. 
B,HC1  forms  sparingly  soluble  prisms  which  crystallise  concentri- 
cally, and  darken  at  330°  without  melting.  B2,H2PtCl6  and 
B,HAuCl4  are  yellow  precipitates,  soluble  in  hot  water,  and  de- 
posited in  crystals  on  cooling.  The  hydrobromide  arid  hydriodide 
are  crystallisable  and  unstable;  the  nitrate  forms  octahedra,  melting 
at  188°  with  decomposition. 

Gelsemine  yields  some  interesting  colour-reactions.  Strong  nitric 
acid  dissolves  the  pure  alkaloid  with  little  or  no  colour,  but  on 
allowing  the  liquid  to  evaporate  spontaneously  in  porcelain,  a  per- 
manent bluish-green  colour  is  obtained,  even  when  only  a  very 
minute  trace  of  gelsemine  is  present.  As  usually  obtained,  gelse- 
mine  residues  yield  with  nitric  acid  yellowish  or  brownish-green 
colorations,  rapidly  changing  to  deep  green. 

Pure  gelsemine  dissolves  in  strong  sulphuric  acid  without 
coloration,  even  on  warming;  but  if  not  perfectly  pure,  a  more  or 
less  reddish  or  brownish  colour  is  obtained,  which  gradually 
becomes  pinkish,  and  on  heating  acquires  a  chocolate  or  purple 
tint. 

When  solid  gelsemine,  or  one  of  its  salts,  is  treated  with  strong 
sulphuric  acid  and  an  oxidising  agent  (e.g.,  potassium  bichromate 
or  ferricyanide,  manganese  dioxide,  &c.),  in  the  manner  employed 
in  testing  for  strychnine,  a  fine  reddish-purple  or  cherry-red  colora- 
tion is  produced,  rapidly  changing  to  a  bluish-green  or  blue  tint. 
Wormley  states  that  O'OOOl  grain  will  respond  to  this  test,  and 
that  even  -j^th  of  this  quantity  may  produce  the  reddish-purple 
coloration.  The  foregoing  colour-reaction  fails  if  the  mixture  of 
alkaloid  with  sulphuric  acid  be  heated  before  adding  the  oxidising 
agent ;  but  Wormley  states  that  the  alkaloid  is  not  destroyed 
thereby,  since  it  may  be  recovered  by  rendering  the  solution 
alkaline,  and  extracting  with  ether.  The  behaviour  of  gelsemine 
with  the  oxidising  mixture  somewhat  resembles  that  of  strychnine, 
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but  differs  therefrom  in  the  order  in  which  the  tints  appear  (com- 
pare Strychnine,  Part  ii.  page  368  et  seq.).1 

Gelsemine  gives  precipitates  with  most  of  the  general  reagents 
for  alkaloids,  but  they  are  not  very  characteristic  or  highly  in- 
soluble. Iodised  potassium  iodide  gives  a  brown  amorphous  pre- 
cipitate in  a  solution  of  1  in  10,000. 

In  frogs,  gelsemine  produces  tetanic  convulsions,  followed  by 
paralysis  of  the  extremities  of  the  motor  nerves.  On  rabbits  its 
poisonous  effects  are  not  marked. 

GELSEMININE  (Merck's  "  amorphous  gelseminine  ")  is  an  alkaloid 
of  doubtful  formula  occurring  with  gelsemine.  It  is  described  by 
L.  Spiegel  (Ber.,  xxvi.  1054)  as  a  white  amorphous  powder 
which  softens  at  105°  and  melts  at  120°,  with  partial  decom- 
position. 

Gelseminine  is  intensely  bitter,  and  exhibits  a  strong  alkaline 
reaction.  It  is  insoluble  in  water,  but  soluble  in  alcohol,  ether, 
and  chloroform. 

The  salts  of  gelseminine  are  soluble,  amorphous,  yellowish 
bodies. 

With  diluted  nitric  acid  gelseminine  yields  brown  indefinite 
compounds,  together  with  an  acid  of  the  formula  C17H20iSr308. 
This  compound  is  deposited  from  alcohol  in  pale  yellow  crystals, 
which  darken  without  melting  when  heated  to  350°.  With 
strong  nitric  acid,  gelseminine  gives  a  green,  and  with  sulphuric 
acid  a  yellow  coloration,  changing  on  addition  of  oxidising  agents 
to  violet,  and  finally  to  green. 

Gelsemiuine  dilates  the  pupil,  and  acts  as  a  powerful  poison, 
producing  respiratory  failure  in  rabbits  as  well  as  in  frogs.  O'OOl 
gramme  of  the  alkaloid  proved  fatal  to  a  rabbit,  whereas  0'5 
gramme  of  gelsemine  was  without  effect.  It  is  very  probably  to 
the  gelseminine  (perhaps  modified  by  the  co-occurring  resinous 
bodies)  that  the  action  of  gelsemium  tincture  is  due. 

A  method  of  separating  gelsemine  from  gelseminine,  for  which 

1  J.  B.  Nagelvoort  finds  the  distinction  between  gelsemine  and  strych- 
nine to  be  sharpest  when  the  oxidising  reagent  is  a  freshly -made  mixture  of 
16  c.c.  of  strong  sulphuric  acid  with  10  c.c.  of  water  containing  in  solution 
0'020  gramme  of  potassium  permanganate.  Strychnine  and  its  salts  and 
solutions,  when  dropped  into  this  mixture,  give  an  intense  blue  coloration, 
rapidly  changing  to  purple,  and  finally  a  permanent  cherry-red  ;  while 
gelsemine  and  its  preparations  never  give  a  blue  tint,  but  always  and  immedi- 
ately a  cherry-red,  which  reaction  fades  to  colourless  in  less  than  a  minute. 
0'002  gramme  of  a  gelsemine  or  gelseminine  salt,  dissolved  in  2  c.c.  of 
water,  and  added  to  3  c.c.  of  the  oxidising  mixture,  gives  the  reaction 
perfectly. 
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F.  A.  Thompson  claims  priority  (Pharm.  Jour.,  [3],  xvii. 
806),  is  based  on  the  solubility  of  the  hydrochloride  of  the  latter 
base  in  an  equal  weight  of  water,  whereas  gelsemine  hydrochloride 
is  but  sparingly  soluble  (1  :  39). 

GELSEMIC  ACID,  C30H34019-{-2H20,  occurs  in  combination  with 
gelsemine  in  yellow  jasmine.  It  crystallises  in  groups  or  tufts  of 
prisms,  or  in  minute  scales  and  plates.  The  melting-point  is 
stated  at  163°  C.  and  at  197°.  It  volatilises  unchanged,  except 
for  loss  of  water,  and  condenses  in  crystals  of  characteristic  micro- 
scopic appearance.  Gelsemic  acid  is  colourless,  odourless,  and 
nearly  tasteless.  It  is  not  decidedly  acid  to  litmus.  It  is 
poisonous  in  large  doses.  Gelsemic  acid  is  soluble  in  hot  water, 
but  is  nearly  all  deposited  on  cooling,  except  in  the  presence  of 
gelsemine  or  other  foreign  matters,  in  which  case  it  is  much  more 
soluble.  It  is  readily  soluble  in  alcohol,  and  also  in  warm  carbon 
disulphide,  ether,  and  chloroform,  but  insoluble  in  hydrochloric 
acid  (distinction  from  sesculin). 

In  the  fixed  alkalies  and  in  ammonia  gelsemic  acid  dissolves 
to  a  liquid  having  an  intense  yellow  colour  by  transmitted  light, 
but  which  by  reflected  light  exhibits  a  rather  greenish  fluorescence, 
perceptible  even  in  extremely  dilute  solutions  (1  :  100,000).  The 
fluorescence  is  readily  destroyed  by  free  acids,  which  fact  dis- 
tinguishes it  from  the  fluorescence  produced  by  quinine. 

Nitric  acid  dissolves  gelsemic  acid  with  yellow  or  orange  colour, 
which  is  changed  by  excess  of  ammonia  to  a  permanent  blood-red 
tint.  The  reaction  is  very  delicate,  but  is  also  produced  by 
aBSCulin.1 

Gelsemic  acid  dissolves  slowly  in  strong  sulphuric  acid  with 
yellow  or  reddish  colour,  not  materially  changed  by  warming,  if 
the  pure  substance  be  used.  On  adding  potassium  bichromate, 


1  ./ESCULIN,  (C15H1609)24-3H20,  presents  a  close  resemblance  to  gelsemic  acid 
in  many  of  its  reactions,  and  some  observers  have  regarded  the  two  bodies  as 
identical ;  but  T.  G.  Wormley,  to  whom  much  of  the  existing  knowledge  of 
the  subject  is  due,  has  pointed  out  the  following  similarities  and  distinctions 
between  them : — ^Esculiu  resembles  gelsemic  acid  in  the  blue  fluorescence 
of  its  alkaline  solutions,  and  in  giving  a  red  coloration  with  nitric  acid 
and  ammonia ;  and  they  are  not  sharply  distinguished  by  their  behaviour 
with  sulphuric  acid.  jEsculin  yields  no  crystals  when  its  solution  in 
sulphuric  acid  is  treated  with  ammonia,  but  is  readily  soluble  in  hydrochloric 
acid,  which  does  not  dissolve  or  act  on  gelsemic  acid  even  at  100°  C. 

Unlike  gelsemic  acid,  sesculin  exhibits  a  distinct  acid  reaction  to  litmus.  It 
loses  two  molecules  of  water  at  110°,  and  the  third  near  its  melting  point,  197°. 

Gelsemic  acid  is  sparingly  soluble  in  chloroform  (1:230  at  0°  C.),  but 
sesculin  is  quite  insoluble  either  in  cold  or  warm  chloroform. 
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reduction,  with  green  coloration,  ensues.  If  a  drop  of  ammonia 
be  added  to  a  drop  of  solution  of  gelsemic  acid  in  strong  sulphuric 
acid,  placed  on  a  slip  of  glass ;  gelsemic  acid  immediately  separates 
at  the  junction  of  the  two  drops  in  crystalline  needles  of  a 
characteristic  microscopic  appearance.  Wormley  describes  this 
reaction  of  gelsemic  acid  as  one  of  the  most  delicate  and  charac- 
teristic known,  and  as  not  readily  interfered  with  by  the  presence 
of  foreign  matter,  with  the  additional  advantage  of  not  being 
simulated  by  sesculin. 

The  acid  properties  of  gelsemic  acid  are  very  feebly  marked, 
and  but  few  definite  metallic  salts  are  obtainable,  the  precipitates 
produced  by  adding  metallic  solutions  to  a  solution  of  gelsemic 
acid  in  a  minimum  quantity  of  an  alkali  being  usually  indefinite 
mixtures  of  free  gelsemic  acid  and  the  metallic  oxide,  or  merely 
due  to  the  action  of  the  acid  as  a  reducing  agent.  In  ammonia, 
gelsemic  acid  dissolves  apparently  without  forming  a  compound, 
for  the  acid  is  extracted  unchanged  on  agitating  the  alkaline  liquid 
with  ether,  or  by  mere  evaporation  is  obtained  free  and  in  a 
crystalline  form. 

Gelsemic  acid  is  not  known  to  possess  any  active  medicinal 
properties,  but  its  reactions,  and  especially  its  fluorescence  in 
alkaline  solutions,  are  of  service  as  a  test  for  preparations  of 
gelsemium. 

Alkaloids  of  Ipecacuanha.1 

The  roots  of  Cephaelis  ipecacuanha  and  C.  acuminata2  have 
been  long  known  to  contain  an  alkaloidal  principle  having  violent 
emetic  properties,  and  hence  called  emetine.  Owing  to  the 
amorphous  character  of  the  alkaloid  and  its  salts,  as  ordinarily 
prepared,  and  their  unstable  character,  the  preparation  of  the  pure 
base  presents  great  difficulties,  and  hence  very  discordant  formulae 
and  characters  have  been  assigned  to  the  alkaloid.  Pure  emetine 
appears  to  have  been  first  prepared  by  Glenard,  in  1876  (Ann. 
Chimie  fy  Physique,  [5],  viii.  233),  who  ascribed  to  it  the  formula 
C15H2<2N02.  In  1893,  Paul  and  Gown  ley  (Phann.  Jour., 
[3],  xxiv.  61)  announced  the  isolation  of  a  second  alkaloid  from 
ipecacuanha,  which  alkaloid  they  called  cephaeline,  and  this 
they  have  since  proved  to  co-exist  with  emetine  in  the  root  from 
various  sources.  The  following  description  of  the  alkaloids  of 
ipecacuanha  is  taken  from  subsequent  papers  by  Paul  and  Cownley, 

1  The  author  is  indebted  to  Mr  R.  A.  Cripps  for  the  perusal  and  correction 
of  this  section. 

2  The  commercial  varieties  of  ipecacuanha  have  been  recently  described  by 
E.  M.  H  o  1  m  e  s  (  Year-Book  Pharm.,  1893). 
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which  also  contain  an  interesting  historical  account  of  previous 
researches  (Pharm.  Jour.,  [3],  xxv.  Ill,  373,  690). 

In  the  examination  of  Brazilian  ipecacuanha  (C.  ipecacuanha},  a 
quantity  of  the  drug  was  extracted  with  alcohol,  the  liquor  mixed 
with  basic  lead  acetate  until  no  further  precipitate  was  formed,  the 
filtered  liquid  evaporated  to  dryness,  and  the  residue  dissolved  in 
weak  acid.  The  filtered  liquid  was  mixed  with  ether,  ammonia 
added  in  slight  excess,  and  the  whole  shaken.  The  ethereal  solu- 
tion of  the  alkaloids  was  separated,  shaken  with  dilute  sulphuric 
acid,  and  the  acid  liquid  treated  with  excess  of  caustic  soda,  which 
precipitated  the  emetine,  while  retaining  the  cephaeline  in  solution. 
The  precipitate  of  crude  emetine  thus  obtained,  after  washing  and 
drying,  amounted  to  1'34  per  cent,  of  the  root  used.  To  purify 
the  emetine  it  was  dissolved  in  dilute  acid,  and  the  solution 
shaken  with  caustic  soda  in  presence  of  ether,  this  operation  being 
repeated  until  the  cephaeline  had  been  completely  separated.  The 
insoluble  emetine  was  then  converted  into  hydrochloride,  the  salt 
recrystallised  from  water,  and  the  base  finally  precipitated  by 
ammonia.  The  caustic  alkaline  solution  resulting  from  the  above 
treatment  was  neutralised,  ammonia  added,  and  the  cephaeline 
extracted  by  agitation  with  ether,  which  on  evaporation  left  0'6 
per  cent,  on  the  weight  of  the  root. 

In  the  examination  of  New  Granada  ipecacuanha  (C.  acuminata\ 
the  powdered  drug  was  mixed  with  lime  and  extracted  with 
amylic  alcohol,  the  subsequent  separation  of  the  extracted  bases 
being  effected  as  in  the  previous  case. 

Both  emetine  and  cephaeline  are  present  in  Brazilian  ipecacuanha, 
and  also  in  that  from  Carthagena,  New  Granada.  In  the  drug 
from  the  latter  source,  cephaeline  appears  generally  to  predominate 
over  emetine,  and  probably  that  is  also  the  case  in  the  stalky 
portion  of  the  Brazilian  drug. 

The  following  are  the  characters  ascribed  by  Paul  and  Cownley 
to  emetine  and  cephaeline  prepared  in  the  foregoing  manner : — 

EMETINE,  C15H22JSr02  ,*  is  a  nearly  colourless  base,  and  apparently 
uncrystallisable.  It  melts  at  about  68°  C.,  and  rapidly  acquires 

1  H.  K  u  n  z-K  r  a  u  s  e  (Arch.  Pharm. ,  ccxxxii.  466)  has  pointed  out  that  the 
formulae  attributed  by  Paul  and  Cownley  to  emetine  and  cephaeline  contain 
an  uneven  number  of  valencies,  and  hence  are  primd  facie  improbable.  He 
maintains  the  accuracy  of  his  own  formula  for  emetine,  CaoH^NoOg,  which  he 
believes  to  contain  four  methoxyl-groups,  and  almost  certainly  one  hydroxyl- 
group,  C26H27N2(OMe)4.OH.  It  is  probable  that  Paul  and  Cownley's  formulae 
for  emetine  and  cephaeline  should  be  doubled.  Analyses  of  platinum  and 
gold  salts,  prepared  by  R.  A.  Cripps  (Pharm.  Jour.,  [4],  i.  160)  agree 
closely  with  Paul  and  Cownley's  analysis. 
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a  yellowish  colour  on  exposure  to  light.  It  is  only  slightly  soluble 
in  water,  hut.  dissolves  readily  in  alcohol,  ether,  chlorof  01U1,  and 
ben/ene,  though  only  very  sparingly  soluhlc  in  petroleum-spirit, 
even  when  hot,  as  it  melts  to  ;i  resinous  mass  not  readily  acted  on. 
The  solutions  l)oconio  coloured  on  exposure  to  light,  and  give  a 
reddish  deposit.  On  evaporation  of  any  of  these  solutions,  the 
emetine  is  I. -ft.  as  a  transparent  varnish,  which  is  strongly  alka- 
line to  litmus  and  neiil  ralisrs  acids  completely. 

When  precipitated  from  the  solution  of  one  of  its  salts  by 
caustic  alkali,  emetine  is  insoluble  in  excess  of  the  reagents. 

The  Mi/phaf-C;  (U'l'tnlr,  and  a.r<i/(tfi'  of  emetine  are  very  soluble  in 
water  and  alcohol,  and  apparently  uncrystallisable,  The  luj<lro- 
rh/orii/c,  i;,II(M,  may  be  obtained  in  a  crystalline  condition  by 
evaporating  its  aqueous  solution  slowly,  or  by  adding  ether  to  its 
alcoholic-,  solution.  It  is  nearly  insoluble  in  excess  of  hydrochloric 
acid,  which  converts  the  base  into  a  mass  of  silky  crystals  of  15, 1IC1. 
A  f>  per  cent,  solution  of  the  hydrochloride,  mixed  with  potassium 
bromide  or  iodide,  gives  a  dense  precipitate,  which  dissolves  on 
addition  of  alcohol,  the  solution  yielding  tufts  of  silky  needles  of 
the  /if/i/rtihnmu'ilc  or  lit/itriixtu/c  of  the  base  when  slowly  evapo- 
rated. 

Emetine  nitrate  is  very  sparingly  soluble  in  water,  and  separates 
as  a  resinous  mass  on  adding  potassium  nitrate  to  a  f>  per  cent, 
solution  of  the  hydrochloride.  It  dissolves  more  readily  in 
alcohol,  and  by  gradually  adding  ether  to  the  solution  the  salt 
separates  in  crystalline  tufts.  B2,H2PtCl6  is  a  buff-coloured*  amor- 
phous precipitate,  almost  insoluble  in  water  or  alcohol. 

CKIMIAKLINK,  ( \{\  l.,0N ;( ).,,  appears  to  be  the.  lower  homologue  of 
emetine.  When  precipitated  from  a  solution  of  one  of  its  salts 
by  ammonia,  it  is  colourless,  but  rapidly  becomes  yellow  on 
exposure  to  light.  The  ammonia  precipitate  melts  at  about  102°. 
By  evaporating  a  solution  in  alcohol  or  ether  the  base  is  left  as  a 
faintly  yellow  transparent  varnish,  but  in  a  closed  vessel  a  concen- 
trated ethereal  solution  gradually  deposits  bunches  of  delicate 
silky  needles,  which  melt  in  a  capillary  tube  at  96°  to  OS",  and 
lose  4'78  per  cent,  of  their  weight  on  exposure  in  a  watch-glass  to 
a  temperature  of  100°  C. 

(Yphaeline  is  very  much  less  soluble  in  ether,  but  more  soluble 
in  petroleum-spirit  than  emetine,  from  which  it  is  sharply  dis- 
tinguished by  dissolving  in  solutions  of  caustic  alkalies.  "With 
the  exception  of  the  /ii/</r»<-li/<n'i</t\  which  is  deposited  in  trans- 
parent rhombic  crystals  from  a  solution  containing  excess  of 
hydrochloric  acid,  salts  of  cephaeline  are  apparently  uncrystallis- 
able ;  but  they  otherwise  much  resemble  the  corresponding  salts 
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of  emetine.  B2,H2PtClfl  is  of  a  more  pronounced  yellow  than  the, 
corresponding  salt  of  emetine. 

The  physiological  action  of  emetine  and  cephaeline  appears  to 
be  very  similar.  Uoth  alkaloids  act  as  emetics  in  doses  of  about 
one-sixth  of  a  grain,  causing  at  the  same  time  a  feeling  of  con- 
siderable depression. 

Kxrept  the  foregoing,  all  descriptions  of  the  characters  and 
reactions  of  emetine  have  reference  to  indefinite  mixtures  of  true 
emetine  with  cephaeline,  as  obtained  from  ipecacuanha.  It  is 
probable  that  other  alkaloids  are  present  in  some  eases,  and  such 
bodies  have  been  actually  obtained.  Thus  Cripps  and  Whitby 
(}'t(fi'-/>o<ik  /'harm.,  1891,  p.  390)  obtained  from  ipecacuanha 
a  small  quantity  of  alkaloid,  which  \vas  extracted  by  chloroform  but 
not  by  ether  from  its  alkaline  solutions.  It  gave  faintly  most  of 
the  colour-reactions  of  emetine,  but  appeared  to  contain  some 
other  body  in  addition.  Cripps  and  Whitby  also  obtained  an 
alkaloid,  not  extracted  from  the  root  by  rectified  spirit,  unless 
previously  set  free  from  its  natural  combination  by  means  of  an 
alkali,  but  which  could  be  readily  extracted  by  water  or  dilute 
acid.  This  body  gave  a  brick-red  coloration  with  nitric  acid;  a 
brownish-purple  with  sulpho-molybdic  acid,  not  becoming  blue  on 
adding  hydrochloric  acid ;  a  reddish-brown  with  hydrochloric  acid 
alone  ;  a  faint  emetine  reaction  with  chlorinated  lime,  and  a  yellow 
precipitate  with  Mayer's  solution. 

Paul  and  Cownley  (Pharm.  Jour.,  [3],  xxv.  690)  have 
recently  announced  the  isolation  of  a  third  alkaloid  from  ipecacu- 
anha, not  improbably  identical  with  that  previously  obtained  by 
Cripps  and  Whitby.  It  exists  in  the  drug  in  very  small  quantity 
relatively  to  emetine  and  cephaeline,  has  apparently  a  much  higher 
molecular  weight  than  these  alkaloids,  and  differs  from  them  in 
lie  ing  very  sparingly  soluble  in  ether.  It  is  soluble  in  alkaline 
liquids,  and  hence  remains  in  the  mother-liquor  from  which  emetine 
and  cephaeline  have  been  extracted  by  agitation  with  ether.  It 
is  dissolved  on  shaking  this  liquid  with  chloroform.  As  obtained 
by  slow  evaporation  of  its  ethereal  solution,  the  new  alkaloid  is 
obtained  in  transparent,  lemon-yellow  prisms,  which  melt  at  138°  C., 
neutralise  acids,  and  dissolve  readily  in  alcohol  and  chloroform, 
to  solutions  which  darken  on  exposure  to  light,  and  deposit  a 
brown  substance. 

Arndt  (Year-Book  Pharm.,  1889,  page  136)  obtained  from 
ipecacuanha  root  from  0'3  to  0*5  per  cent,  of  a  volatile  ammonium 
base  which  yielded  triinethylamine  when  distilled  with  strong 
alkali.  More  recently,  Arndt  has  identified  the  base  as  choline, 
which  exists  in  the  root  as  an  insoluble  tannate.  To  this  Arndt 


28  ALKALOIDS   OF  IPECACUANHA. 

attributes  the  high  results  obtained  when  the  assay  of  ipecacuanha 
is  conducted  by  exhausting  the  root  with  acid  solvents.1 

For  the  preparation  of  the  mixed  alkaloids  (emetine  and 
cephaeline  of  Paul  and  Cownley)  from  ipecacuanha,  R.  A.  C  r  i  p  p  s 
recommends  that  the  powdered  root  should  be  exhausted  by  per- 
colation with  cold  alcohol  (60°  0.  P.),  and  the  alcoholic  liquid 
distilled  under  reduced  pressure.  To  the  extract  so  obtained 
dilute  hydrochloric  acid  is  added  in  slight  excess,  and  the  liquid 
filtered.  The  filtrate  is  treated  with  a  solution  of  sodium  car- 
bonate, and  the  precipitated  alkaloids  collected  on  a  filter,  washed 
slightly,  and  dried  in  the  dark  over  strong  sulphuric  acid.  The 
product  is  finely  powdered  and  boiled  with  ether  (spec.  grav. 
0'720),  the  ethereal  solution  filtered,  and  dry  hydrochloric  acid  gas 
passed  through  the  filtrate  to  saturation.  The  alkaloids  are  pre- 
cipitated as  hydrochlorides,  which  may  be  filtered  off,  dissolved 
in  water,  and  the  alkaloids  recovered  by  precipitation  with  sodium 
carbonate,  washed  with  water,  and  dried  over  sulphuric  acid. 

Thus  prepared,  the  mixed  alkaloids  form  a  whitish  amorphous 
powder,  which  rapidly  becomes  yellow  and  then  brown  on  ex- 
posure to  light,  and  dissolves  in  alcohol  to  a  yellowish  solu- 
tion. It  is  very  slightly  soluble  in  cold  water  (1:1000),  but 
somewhat  more  readily  on  heating.  Alcohol,  methyl  alcohol, 
amyl  alcohol,  chloroform,  ether,  and  benzene  dissolve  the  alkaloids 
readily,  the  last  three  solvents  extracting  them  from  aqueous 
liquids  in  presence  of  ammonia.  Petroleum-spirit  dissolves  only 
traces  of  the  alkaloids  in  the  cold,  but  takes  up  a  larger  quantity 

1  Arndt  consequently  recommends  (Apoth.  Zeit.,  1890,  780  ;  Year-Book 
Pharm.,  1891,  pp.  56,  164)  that  10  grammes  of  the  powdered  root  should  be 
intimately  mixed  with  5  grammes  of  sodium  carbonate  and  1  of  crystallised 
ferric  chloride,  and  the  mixture  digested  under  a  reflux  condenser  for  one 
hour  with  100  grammes  of  60  per  cent,  methyl  alcohol  on  the  water-bath. 
The  liquid  is  filtered  and  evaporated  to  remove  the  alcohol  and  volatilise  the 
choline  or  its  decomposition-products,  the  residue  is  taken  up  with  50  c.c.  of 
very  dilute  ammonia,  and  the  liquid  agitated  with  25  c.c.  of  chloroform.  The 
chloroformic  solution  is  agitated  with  acidulated  water,  and  the  resultant 
aqueous  liquid  titrated  with  Mayer's  solution,  1  c.c.  of  which  corresponds 
to  0*0198  gramme  of  emetine.  From  5  to  5*5  c.c.  of  the  reagent  should 
be  required,  indicating  an  alkaloidal  strength  of  at  least  0'95  per  cent,  of 
emetine.  Cripps  has  repeated  these  experiments,  using  100  grammes  of 
ipecacuanha,  but  has  been  unable  to  confirm  Arndt's  results.  A  care- 
ful examination  of  the  root  for  volatile  alkaloids  proved  unsuccessful. 
D  i  e  t  e  r  i  c  h  and  C.  C.  Keller  have  also  pointed  out  that  choline  would 
not  be  extracted  by  ether  or  chloroform  from  aqueous  liquids,  and  hence, 
even  if  present,  it  would  not  interfere  with  the  estimation  of  true  alkaloids 
(Year-Book  Pharm.,  1891,  p.  386). 
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on  boiling.  The  mixed  alkaloids  are  also  soluble  in  carbon 
disulphide,  ethyl  acetate,  turpentine,  &c.  The  solutions  of  ipecacu- 
anha alkaloids  are  optically  inactive  and  strongly  alkaline  to 
litmus. 

When  heated,  the  alkaloids  fuse  to  a  nearly  colourless  liquid, 
which  gradually  becomes  yellow  or  brown.  The  melting-point  is 
variously  stated  from  50°  to  74°,  and  doubtless  depends  upon  the 
relative  proportions  of  emetine  and  cephaeline  present.  The 
alkaloids  of  ipecacuanha  are  very  bitter  and  highly  poisonous, 
being  violent  emetics  and  depressants.  The  medicinal  dose  ranges 
from  TJo  to  2V  grain  as  an  expectorant,  or  £  to  §  grain  as  an 
emetic. 

The  most  characteristic  of  the  reactions  of  the  ipecacuanha 
alkaloids  is  that  with  chlorinated  lime.  If  a  drop  of  solution  of 
bleaching  powder  be  applied  to  a  fragment  of  the  solid  substance 
or  to  one  of  its  salts,  and  a  drop  of  acetic  acid  then  added,  a  very 
persistent  bright  orange  or  lemon-yellow  colour  is  produced.  If 
the  solution  of  bleaching  powder  be  added  to  a  solution  of  the 
alkaloids  in  dilute  hydrochloric  acid,  an  orange  coloration  is  pro- 
duced and  a  yellow  precipitate  formed. 

K.  A.  Cripps  and  Whitby  (Year-Book  Pharm.,  1891, 
page  390)  enumerate  the  following  additional  reactions  of 
the  ipecacuanha  alkaloids  soluble  in  ether.  Few  of  the 
reactions  are  characteristic,  the  best  being  that  with  sulpho- 
molybdic  acid : — 

With  the  solid  alkaloids: — Sulphuric  acid,  very  pale  yellow, 
becoming  pale  brown  when  heated  to  100°  C. ;  sulphuric  acid 
and  sugar,  faint  pinkish-brown,  becoming  salmon-pink;  sulpho- 
molybdic  acid,  pale  yellowish-pink,  becoming  greenish,  and  on 
adding  hydrochloric  acid  greenish-blue,  changing  to  rose  with 
green  at  the  edges ;  hydrochloric  acid  alone,  no  coloration ;  nitric 
acid,  pale  orange-brown,  changing  to  bright  orange-red. 

With  a  solution  in  dilute  hydrochloric  acid: — Auric  chloride, 
yellow  precipitate,  soluble  on  warming ;  platinic  chloride,  pale 
yellow  precipitate  soluble  in  spirit ;  .  phospho-turigstic  acid,  white 
precipitate ;  Sonnenschein's  solution,  yellow ;  potassio-bismuthic 
iodide,  brilliant  orange-red  precipitate ;  potassio-cadmic  iodide, 
white;  Mayer's  solution,  white;  and  iodised  potassium  iodide, 
bright  brown. 

The  alkaloids  of  ipecacuanha  neutralise  acids  perfectly,  and 
hence  their  amount  can  be  ascertained  by  titration  with  methyl- 
orange  or  iodeosin.  The  plan  can  be  conveniently  applied  to  the 
alkaloids  shaken  out  by  ether  or  chloroform. 

When  in  a  nearly  pure  state  ipecacuanha  alkaloids  may  also  be 
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determined  with  tolerable  accuracy  by  titration  with  Mayer's 
solution,  if  certain  precautions  be  taken.1 

IPECACUANHA  ROOT. — At  present  only  the  root  of  Brazilian 
ipecacuanha  is  official,  and  as  there  is  some  inducement  to  substi- 
tute other  varieties,  it  is  important  to  distinguish  these  from  the 
official  kind.  According  to  H.  G.  Greenish  (Pharm.  Jour.,  [4], 
i.  137)  this  may  be  effected  by  a  very  careful  microscopic 
examination  of  the  specimen.2  Thus,  ipecacuanha  root,  whether 
Brazilian  or  Carthagena,  may  be  distinguished  as  such  in  the 
form  of  powder  by  (a)  the  shape  and  size  of  the  starch  grains, 
(b)  the  absence  of  vessels,  presence  of  perforated  tracheids,  (c)  the 
acicular  raphides,  and  (d)  the  emetine  reaction  with  chlorine. 
The  stem  may  be  distinguished  from  the  root  (in  powder)  by 
(a)  the  presence  of  sclerenchymatous  cells,  (b)  of  lignified  cells  of 
the  pith,  and  (c)  of  spiral  vessels.  Carthagena  ipecacuanha  may, 
in  most  cases,  be  distinguished  from  Brazilian  by  the  larger  size  of 
its  starch  grains.  In  this  respect  it  must  be  remembered  that 
Carthagena  roots  with  small  starch  grains  occur  that  are  practically 
indistinguishable,  when  powdered,  from  Brazilian  roots  with  large 
grains.  (See  also  H.  G.  Greenish,  Pharm.  Jour.  [3],  xxv.  685.) 

The  Assay  of  Ipecacuanha  has  received  much  attention,  and 

1  To  obtain  fairly  accurate  results,  the  liquid  must  contain  approximately 
1  part  of  the  alkaloid  in  500  (Jones,  Year-Book  Pharm.,  1886,  p.  543),  and 
the  addition  of  Mayer's  solution  should  be  continued  until  a  few  drops  of  the 
filtrate  show  the  same  degree  of  opalescence  by  addition  of  more  Mayer's 
solution  or  of  alkaloidal  solution. 

2  An  examination  by  Greenish  of  thirty-two  samples  of  powdered  ipecacuanha 
obtained  by  purchase  from  retail  pharmacists,  showed  the  absence  of  any 
adulterant  in  the  shape  of  foreign  starch  or  other  drugs.     Twelve  of  the 
thirty-two  samples  proved  to  be  the  Carthagena  (New  Granada)  root,  and 
possibly  a  few  of  the  twenty  classed  as  Brazilian  may  have  been  Carthagena 
or  of  mixed  origin.     Only  one  of  the  samples  could  claim  to  be  really  good 
Brazilian  root  free  from  stem,  although  this  is  an  impurity  which  can  be 
readily  removed  from  the  commercial  drug  by  picking.      Of  the  samples 
examined,  Greenish  classes  22  per  cent,  as  good  Brazilian,  31  as  medium,  10 
as  bad,  and  37  per  cent,  as  Carthagenian.      Ranwez  and  Campin  (Annal. 
de  Pharm.,   i.  114,    238)  classified  the  ipecacuanha   of   Belgian  commerce 
(Louvain)   as    follows: — Normal   Brazilian,  15  per  cent.;    too  woody,   40; 
Carthagena  (wholly  or  partly),   15  ;    and  false  cultivated  root  (wholly  or 
partly),  30  per  cent.     The  last  description  is  probably  intended  to  apply  to 
the  drug  offered  at  the  London  sales  as  "East  Indian  root,"  probably  the 
rhizome  of  Cryptocoryne  spiralis.     This  has  the  characteristics  of  a  monocotyl- 
edonous  rhizome,  does  not  possess  the  odour  of  true  ipecacuanha,  and  con- 
tains no  emetine.      The  external  appearance,   microscopic  characters,  and 
chemical  reactions  render  it  easy  to  distinguish  the  drug  from  true  ipecacuanha 
root. 
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many  different  processes  have  been  devised  for  the  purpose. 
Generally,  the  aim  of  investigators  seems  to  have  been  to  obtain  the 
total  alkaloids  without  distinction  of  emetine  from  the  others. 
Many  of  the  processes  proposed  are  invalidated  by  the  readiness 
with  which  emetine  undergoes  decomposition.  Zinoffski  and 
Dragendorff  applied  the  reaction  with  Mayer's  solution  to  a 
hydro-alcoholic  extract  of  the  root,  after  removing  alcohol  by 
evaporation,  but  this  process  has  been  shown  to  give  results  above 
the  truth.1  Fliickiger,  followed  by  Jones  and  Ransom, 
extracted  the  root  with  boiling  ammoniated  chloroform,  the  last- 
named  dissolving  the  residue  obtained  on  evaporating  this  solution 
in  acidulated  water  and  titrating  with  Mayer's  solution.  The 
various  processes  for  the  assay  of  ipecacuanha  published  prior  to 
1889  were  reviewed  by  Cripps  and  Whitby  (Pharm.  Jour.,  [3], 
xix.  721),  who  recommended  the  use  of  acetic  ether  as  a  solvent ; 
but  Cripps,  in  a  more  recent  paper  (Pharm.  Jour.,  [3],  xxv. 
1093),  gives  preference  to  the  following  modification  of  Lyons5 
process  (Pharm.  Jour.,  [3],  xvi.  627): — 

Place  in  a  small  flask  (capacity  about  50  c.c.)  2 '5  grammes  of 
ipecacuanha  in  fine  powder,  and  weigh  the  flask,  cork,  and  con- 
tents. Nearly  fill  the  flask  with  a  mixture  of  ether  (sp.  gr.  0*720) 
250  parts,  ammonia  10  parts,  and  alcohol  20  parts,  and  set  aside, 
shaking  occasionally,  for  twenty-four  hours.  Now  weigh  the 
flask  and  its  contents  before  removing  the  cork,  decant  rapidly  as 
much  as  possible  of  the  clear  liquid,  cork  the  flask,  and  reweigh. 
The  alkaloids  may  now  be  separated  from  the  ethereal  solution  by 
repeated  agitation  with  dilute  acid,  and  again  washing  out  from 
the  acid  liquid  by  ether,  followed  by  chloroform,  after  rendering 
alkaline  with  ammonia  or  sodium  carbonate.  The  alkaloidal 
solution  is  evaporated  in  a  current  of  air,  and  the  residue  dried  at 
a  temperature  not  exceeding  60°  C.,  weighed,  and  finally  dissolved 
in  5  c.c.  of  I  HC1  and  titrated  back  with  ^  NaOH,  using  iodeo- 
sin  as  an  indicator.  1  c.c.  =  0'00254  gramme  emetine  (or  0'00248 
gramme,  if  Paul's  formula  be  taken).  The  calculations  need  no 
explanation,  but  may  be  much  simplified  and  several  weighings 
avoided  if  the  extraction  be  carried  out  in  a  small  cylindrical 
percolator,  the  diameter  of  which  (for  2*5  grammes)  should  be 
11  to  12  mm. 

C.  C.  Keller  (Year-Book  Pharm.,  1894,  page  127)  has 
described  the  following  method  of  assaying  ipecacuanha.  It  has 
the  merits  of  being  tolerably  simple,  and  of  yielding  results  which 
agree  fairly  with  those  obtained  by  Lyons'  process.  A  weight  of 

1  See  Pliarm.  Jour.,  [3],  xix.  723. 
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1  2  grammes  of  the  air-dry  drug  is  shaken  in  a  dry  bottle  for  five 
minutes  with  90  grammes  of  ether  and  30  of  chloroform.  10  c.c. 
of  ammonia  is  next  added,  and  after  half  an  hour  10  c.c.  of  water. 
100  c.c.  measure  of  the  clear  liquid  is  then  poured  off,  and  shaken 
in  a  separator  with  25  c.c.  of  1  per  cent,  hydrochloric  acid.1  The 
acid  liquid  is  tapped  off,  and  the  shaking  repeated  with  15  c.c.  and 
with  10  c.c.  respectively  of  the  same  dilute  acid.  The  acid  liquid 
is  then  made  alkaline  with  ammonia,  and  agitated  twice  with  a 
mixture  of  3  parts  of  chloroform  with  2  of  ether.  The  solvent  is 
then  tapped  off,  evaporated,  and  the  alkaloidal  residue  weighed  or 
titrated  with  decinormal  hydrochloric  acid.  Instead  of  weighing 
the  residue,  it  is  in  some  respects  preferable  to  titrate  it  with 
standard  hydrochloric  acid.  As  an  indicator  methyl-orange  may 
be  used,  but  the  end-reaction  is  not  very  sharply  marked  (T.  P. 
Blunt,  Pharm.  Jour.,  [3],  xx.  809).  Logwood  tincture  is  pre- 
ferable. It  is  a  good  plan  to  dissolve  the  alkaloids  in  a  moderate 
excess  of  decinormal  hydrochloric  acid,  and  titrate  back  with 
£  caustic  soda.  Keller  states  that  1  c.c.  of  decinormal  hydro- 
chloric acid  neutralises  0'0254  gramme  of  emetine,  which  it 
would  if  the  formula  of  neutral  emetine  hydrochloride  were 
C30H40N205,2HC1,  as  contended  by  Kunz-Krause.  If  C15H22AT02, 
the  formula  of  Paul  and  Cownley,  be  adopted  as  correct,  the 
weight  of  emetime  combining  with  1  c.c.  of  ^  acid  will  be  0'0248 
gramme;  or  0 '0241  gramme  of  a  mixture  of  equivalent  proportions 
of  emetine  with  cephaeline. 

The  proportion  of  alkaloids  present  in  ipecacuanha-root  is 
subject  to  much  variation,  and  owing  to  the  variety  of  methods 
employed  the  published  results  show  still  wider  discrepancies. 

The  following  table,  expanded  from  one  by  K.  A.  C  r  i  p  p  s  (Pharm. 
Jour.,  [3],  xxv.  1093),  shows  the  proportions  of  mixed  alkaloids 
found  by  various  observers  in  commercial  ipecacuanha,  together 
with  the  outline  of  the  methods  employed  for  its  determination. 

De-emetinised  Ipecacuanha  has  been  found  by  Kant  hack  and 
Caddy  (Practitioner,  June  1893,  p.  411;  Pharm.  Jour.,  [3], 
xxiii.  990)  to  be  of  great  value  in  the  treatment  of  dysentery. 
They  found  the  antidysenteric  value  to  be  in  direct  proportion  to 
the  amount  of  alcohol-soluble  substances  present,  provided  that 
the  emetine  had  been  completely  removed,  or  existed  only  in 
minute  quantity.  As  a  fact,  the  proportion  of  emetine  in  the 

1  It  is  not  stated  by  Keller  what  proportion  the  100  c.c.  measure  of  liquid 
removed  bears  to  the  total  upper  layer.  It  would  be  preferable  to  operate 
upon  the  whole  of  the  ether-chloroform  layer,  except  for  the  difficulty  of 
accurately  separating  it  from  the  semi-solid  magnia. 
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so-called  de-emetinised  root  ranged  from  traces  to  1'2  per  cent., 
while  the  yield  of  alcoholic  extract  was  from  2'5  to  11 '3  per 
cent.  The  sample  which  gave  the  best  results  was  prepared  by 
Merck,  and  showed  on  analysis  only  traces  of  emetine,  with  10*3 
per  cent,  of  alcoholic  extractive.  B.  H.  Paul  found  nearly  0*5 
per  cent,  of  emetine  in  de-emetinised  ipecacuanha  from  the  same 
source  (Pharm.  Jour.,  [3],  xxiv.  212).  The  nature  of  the  anti- 
dysenteric  principle  in  ipecacuanha  has  not  been  definitely 
ascertained. 

The  Ipecacuanhas  of  English  Commerce  form  the  subject  of  an 
interesting  paper  by  E.  J.  Holmes  (Pharm.  Jour.,  [3],  xxiv.  209. 
See  also  H.  G.  Greenish,  ibid.,  pp.  383,  391;  xxv.  689;  J. 
Moeller,  xxiv.  p.  1008,  and  C.  Hartwich,  p.  1088).  Spurious 
ipecacuanhas  have  been  described  by  T.  H.  Wardleworth 
(Pharm.  Jour.,  [3],  xxiii.  250),  E.  A.  Cripps  (ibid.,  xxiv.  399), 
Ranwez  and  Campion  (Ann.  de  Pharm.,  i.  238),  and  others. 

Alkaloids  of  Pomegranate. 

The  bark  of  the  pomegranate  (Punica  granatum)  contains 
several  alkaloids,  which  are  liquid  at  the  ordinary  temperature. 

PELLETIERINE,  C8H15NO,  is  a  liquid  of  a  peculiar  odour,  and 
a  density  of  0-988  at  0°  C.  It  boils  and  distils  at  195°,  and 
darkens  and  resinifies  on  exposure  to  air.  Pelletierine  is 
dextrorotatory,  soluble  in  20  parts  of  cold  water,  and  readily 
soluble  in  alcohol,  ether,  and  chloroform.  The  alkaloid  is 
removed  by  chloroform  from  alkaline  solutions,  but  not  from 
acid  or  bicarbonate  aqueous  solutions.  The  solutions  have  an 
alkaline  reaction.  Pelletierine  forms  a  series  of  crystallisable 
salts. 

Pelletierine  sulphate  forms  minute,  white,  acicular  crystals, 
which  are  freely  soluble  in  water.  It  is  employed  in  medicine, 
its  chief  application  being  in  doses  of  from  5  to  8  grains  as  a 
remedy  for  tape-worm. 

The  pelletierine  tannate  of  commerce  is  a'  mixture  of  the 
tannates  of  the  total  alkaloids  from  pomegranate  bark.  It  forms 
an  amorphous  yellowish-grey  powder  of  astringent  taste,  almost 
insoluble  in  water,  but  soluble  in  alcohol  and  in  dilute  acids. 

Pelletierine  is  precipitated  from  the  solutions  of  its  salts  by 
caustic  alkalies,  but  not  by  alkaline  bicarbonates.  It  is  not  pre- 
cipitated by  platinic  chloride,  but  yields  precipitates  with  most 
other  general  reagents  for  alkaloids. 

Pelletierine  is  associated  in  pomegranate  bark  with  the  closely 
analogous  liquid  alkaloids,  isopelletierine,  C8H15NO,  and  methyl- 
pelletierine,  C9H17NO;  and  with  the  solid  alkaloid  pseudo- 
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pelletierine,  CgH^NO,1  forming  crystals  melting  at  46°  C.     (See 
Tanret,  Bull  Soc.  Chim.,  xxxii.  464 ;  xxxvi.  256.) 

Alkaloids  of  Jaborandi. 

The  leaves  of  jaborandi,  Pilocarpus  pennafoliatus,  and  other 
species  of  the  same  family  contain  an  interesting  alkaloid  called 
pilocarpine.2 

PILOCARPINE,  CnH16N202,  forms,  with  some  difficulty,  crystals 
which  are  extremely  hygroscopic.  On  heating  to  about  150°,  the 
alkaloid  decomposes  into  j  a b o r i n e,  C22H32N404,  pilocarpidine, 
C10HUN202,  and  jaboric  acid,  C19H25N205.  The  two  first 
bodies,  which  are  well-defined  bases,  are  said  to  accompany  pilo- 
carpine in  jaborandi,  but  it  appears  more  probable  that  they  are 
decomposition-products,  formed  during  the  extraction  of  the  parent 
alkaloid.  Pilocarpine  is  easily  soluble  in  water,  alcohol,  ether, 
benzene,  and  chloroform.  The  solutions  are  dextro-rotatory : 
[#]D=  +  101*6°.  Pilocarpine  possesses  both  acid  and  basic  func- 
tions. With  acids  it  reacts  as  a  monacidic  base,  forming  a  series 
of  crystallisable  salts.  It  dissolves  in  solutions  of  caustic  alkalies 
forming  uncrystallisable  compounds,  soluble  in  water  and  alcohol, 


1  Ciamician  and  S  i  1  b  e  r  (Berichte,  xxvi.  2738)  propose  to  substitute 
the  name  "  granatonine "  for  pseudo-pelletierine,  so  as  to  allow  of  a  more 
simple  nomenclature  for  its  derivatives.  The  base  is  closely  related  to 
tropine,  and  yields  a  series  of  corresponding  derivatives,  as  is  shown  by  the 
following  table : — 


Tropine,          ....  C8Hi6NO. 

Tropidine,       ....  C8H13N. 

Hydrotropidine,     .        .        .  C8H15N. 
Non-hydrotropidine,     .        . 


Granotonine    (pseudo-pelle- 
tierine),       .... 
Granatoline,    . 
Granatenine,  .... 
Granatanine,  .... 
Non-granatanine,  . 

C9H15NO. 
C9H17NO. 
C9H1BN. 
C9H17N. 
C9H16N. 

2  For  the  extraction  of  pilocarpine,  jaborandi  leaves  should  be  extracted 
with  rectified  spirit  to  which  1  per  cent,  of  strong  ammonia  has  been  added. 
The  spirituous  solution  is  neutralised  with  tartaric  acid,  and  the  alcohol 
distilled  off.  The  residue  is  treated  with  ammoniacal  alcohol,  the  filtered 
liquid  distilled,  and  the  residual  liquid  shaken  with  chloroform.  The  impure 
pilocarpine  left  on  evaporating  the  chloroform  is  converted  into  the  nitrate, 
or  the  chloroformic  solution  of  the  alkaloid  is  at  once  shaken  with  a  slight 
excess  of  nitric  acid,  and  the  resultant  nitrate  recrystallised  from  boiling 
alcohol.  From  the  salt  thus  purified  the  alkaloid  may  be  liberated  by 
ammonia,  and  extracted  by  agitation  with  chloroform.  The  preparation  and 
characters  of  the  tincture  of  jaborandi,  which  is  official  in  the  British  Phar- 
macopoeia, has  formed  the  subject  of  an  able  paper  by  F  a  r  r  and  Wright 
(Pharm.  Jour.,  [3],  xxii.  1). 
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and  decomposed  by  carbon  dioxide  with  liberation  of  pilocarpine.1 
The  silver  and  copper  salts  are  only  sparingly  soluble.  They 
may  be  regarded  as  the  salts  of  the  unknown  pilocarpic  acid, 
of  which  pilocarpine  is  the  anhydride. 

Solutions  of  pilocarpine  are  neutral  to  litmus,  but  exhibit  a 
distinctly  alkaline  reaction  to  tincture  of  cochineal. 

The  salts  of  pilocarpine  are  now  much  used  in  medicine.  The 
nitrate  is  official  in  the  pharmacopoeias  of  Britain  and  Spain,  and 
the  hydrochloride  in  those  of  the  United  States,  Germany, 
Austria,  Hungary,  Holland,  and  Belgium. 

Pilocarpine  hydrochloride,  B,HC1,  forms  crystalline  laminae, 
melting  at  197°,  and  easily  soluble  in  water  and  alcohol,  forming 
solutions  having  a  somewhat  bitter  taste,  and  faintly  acid  reaction 
to  litmus.  B,HN03  forms  acicular  crystals  or  a  white  crystalline 
powder,  soluble  in  about  9  parts  of  cold  water,  slightly  soluble 
in  cold,  but  freely  in  hot  rectified  spirit. 

Pilocarpine  and  its  salts  are  poisonous.  They  increase  the 
secretion  of  saliva,  tears,  perspiration,  and  bronchial  sputa ;  reduce 
the  action  of  the  heart,  and  cause  contraction  of  the  pupil. 

The  physiological  action  of  pilocarpidine  resembles  that  of 
pilocarpine;  but  the  action  of  jaborine  is  antagonistic,  dilating 
the  pupil  and  otherwise  simulating  the  action  of  atropine  and 
its  allies.  Commercial  pilocarpine  hydrochloride  is  liable  to  con- 
tain jaborine,  in  which  case  it  raises  the  pulse,  produces  dilation 
of  the  pupil,  and  causes  thirst  and  dry  skin. 

Pilocarpine  and  its  salts  give  no  colour-reaction  with  strong 
sulphuric  or  nitric  acid.2  With  sulphuric  acid  and  potassium 
dichromate  it  gives  a  dark  green  coloration.  When  solid  pilo- 
carpine or  its  hydrochloride  is  triturated  with  excess  (1  : 100)  of 
calomel  (Hg2Cl2),  blackening  ensues  from  reduction  of  the  mercury 
to  the  state  of  metal.  Cocaine  gives  no  similar  reaction. 

Pilocarpine  hydrochloride  gives  with  Mayer's  reagent  an  amor- 
phous precipitate,  which  in  the  course  of  twelve  hours  separates 
at  the  bottom  of  the  tube  in  the  form  of  oily  drops  (compare 
Phenocoll  hydrochloride,  part  ii.  page  85). 

Iodised  iodide  of  potassium  gives  with  excess  of  pilocarpine  a 
brown  precipitate,  which  often  appears  under  the  microscope  as 
brown  feathery  crystal  or  serrated  saw-like  forms. 

1  Pilocarpine  is  extracted  from  its  alkaline  aqueous  solution,  by  immiscible 
solvents,  and  therefore  its  combinations  with  alkalies  must  be  of  a  very 
unstable  character. 

2  According  to  Nagelvoort  (Apotheker  Zeitung],  the  statement  of  the 
German  and  United  States  Pharmacopoeias  that  pilocarpine  hydrochloride 
dissolves  in  fuming  nitric  acid  with  faint  greenish  tint  is  incorrect. 
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Pilocarpine  is  precipitated  by  some  other  of  the  general 
reagents  for  alkaloids,  but  gives  no  reaction  with  tannin,  picric 
acid,  potassium,  ferrocyanide,  or  sodium  acetate. 

When  heated  with  concentrated  hydrochloric  acid,  pilocar- 
pine  is  decomposed  into  methyl  alcohol  and  pilocarpidine, 
C10H14N202.  Strongly  heated  with  water  in  a  sealed  tube  it  splits 
up  into  trimethylamine,  (CH3)3N,  and  pyridine-a-lactic 
acid,  CH3.C(C5H4N)OH.CO.OH.  The  reverse  change  has  been 
effected  by  Hardy  and  Calmels  (Compt.  rend.,  cv.  68),  and 
pilocarpine  thus  synthetically  formed. 

Alkaloids  of  Pepper. 

PIPERINE.     C17H19N03 ;  or  C5H10N.CO.C4H4.C6H3  j  °  1  CH2. 

Piperine  is  an  alkaloid  existing  in  various  plants  belonging  to  the 
Piperacew,  and  is  the  characteristic  principle  of  both  black  and 
long  pepper.1  It  also  exists  in  the  berries  of  Schinus  mollis,  a  tree 
belonging  to  the  terebinthaceous  order,  and  has  been  obtained 
synthetically  by  the  reaction  of  its  decomposition-products  piper  i- 
dine  and  piperic  acid  (chloride). 

For  the  preparation  of  piperine,  white  pepper  should  be 
exhausted  with  rectified  spirit,  the  tincture  concentrated  to  an 
extract,  and  the  extract  mixed  with  caustic  potash  or  soda  solution. 
This  dissolves  resin,  and  leaves  impure  piperine,  which  is  purified 
by  repeated  crystallisation  from  boiling  alcohol.  Winckler  pre- 
cipitates the  alcoholic  extract  of  pepper  with  basic  acetate  of  lead, 
exactly  precipitates  the  lead  from  the  filtrate  by  sulphuric  acid 
(or  sulphuretted  hydrogen),  filters  hot,  evaporates,  treats  the 
residue  with  water,  and  boils  the  undissolved  portion  with  alcohol, 
from  which  piperine  crystallises  on  cooling.  Another  plan  is  to 
mix  powdered  pepper  into  a  paste  with  slaked  lime  and  water,  dry 
the  mixture  at  100°,  exhaust  it  with  boiling  ether,  and  crystallise 
from  alcohol  the  piperine  left  on  evaporating  the  ether.  By  this 
process,  Cazeneuve  and  Caillol  found  in  Sumatra  pepper  an 
average  proportion  of  8*10  per  cent,  of  piperine;  in  white  Singa- 
pore pepper,  7*15  ;  and  in  black  Singapore  pepper,  9*15  per  cent. 

Piperine  forms  colourless,  nearly  tasteless,  four-sided,  monoclinic 
prisms.  It  melts  at  128°-129°  C.,  but  at  a  lower  temperature  if 
impure.  At  about  130°  it  turns  brown,  and  undergoes  decom- 
position. 

Piperine  is  insoluble  in  cold  water,  and  very  slightly  soluble  in 
boiling  water.  It  dissolves  readily  in  alcohol,  the  solution  being 

1  According  to  Dunstan  and  C  a  r  r  Piper  ovatum  contains  p  i  p  e  r  o- 
v  a t  i  n  e,  C^H^NO,,  (Jour.  Chem.  Soc. ,  Ixvii.  94 ;  Proc.  ibid.,  Nov.  7th,  1895. 
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optically  inactive,  and  destitute  of  alkaline  reaction,  but  having  an 
extremely  pungent  taste,  like  that  of  pepper.  Piperine  dissolves 
sparingly  in  ether,  but  with  facility  in  chloroform,  benzene,  and 
petroleum  spirit. 

Piperine  is  a  feeble  base.  Its  salts  are  decomposed  by  excess 
of  water  with  precipitation  of  free  piperine,  and  the  alkaloid  is 
extracted  even  from  its  acidulated  solutions  by  agitation  with 
chloroform,  benzene,  petroleum  spirit,  &c.  Piperine  hydrochloride 
is  soluble  in  alcohol,  and  on  treating  the  solution  with  alcoholic 
mercuric  chloride  or  platinic  chloride  the  corresponding  compounds 
are  obtained  as  crystalline  precipitates.1 

On  adding  iodised  potassium  iodide  to  a  hot  alcoholic  solution 
of  piperine,  acidulated  with  hydrochloric  acid,  an  iodo-compound 
is  formed  which  separates  on  cooling  in  fine  steel-blue  needles. 

Concentrated  nitric  acid  converts  piperine  into  an  orange-red 
resinous  substance  which  is  turned  blood-red  by  caustic  alkali  with 
formation  of  piperidine. 

With  concentrated  sulphuric  acid  piperine  instantly  gives  an 
orange-red  coloration,  becoming  brown  on  warming  or  standing. 
On  addition  of  water,  piperine  is  precipitated. 

When  boiled  with  strong  caustic  alkali,  or  heated  with  soda- 
lime,  piperine  undergoes  saponification  with  formation  of  piperic 
acid  and  piperidine,  thus  :  — 

C17H19N03+H20  =  C10H1204+  C5HnK 

PIPERIDINE  has  the  constitution  of  a  hexahydropyridine, 
and  has  already  been  described  (Part  ii.  page  106).  Traces  of  it 
appear  to  exist  ready-formed  in  pepper. 

PIPERIC  ACID,  C12H1004;  or  CH2:  02:  C6H3.CH2.CH:  C:  CH.COOH. 
Piperic  acid  is  the  acid  product  of  the  saponification  of  piperine. 
It  is  best  prepared  by  boiling  a  solution  of  equal  weights  of 
piperine  and  caustic  potash  in  a  minimum  quantity  of  strong 
alcohol  for  five  or  six  hours  under  a  reflux  condenser.  The  crystal- 
line plates  of  potassium  piperate,  which  are  separated  from  the 
brown  mother  liquor,  recrystallised  from  boiling  water,  redissolved 
in  boiling  water,  the  solution  decolorised  by  animal  charcoal, 
and  treated  with  hydrochloric  acid,  when  the  piperic  acid,  which 
separates  as  a  jelly,  is  washed  and  recrystallised  from  alcohol. 

Piperic  acid  crystallises  from  alcohol  in  long  yellowish  needles, 
often  felted  together,  but  when  precipitated  by  adding  an  acid  to 
the  solution  of  one  of  its  salts  it  usually  separates  as  a  sulphur- 


1  The  composition  of  these  salts  is  said  to  be  respectively  (C17 
HCl,HgCl2,  and  (C17H19N03)4,2HCl,PtCl4.     These  formulse,  if  correct,  suggest 
that  the  true  formula  of  piperine  is  double  that  usually  adopted. 
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yellow  jelly,  which  shrinks  on  drying.  Piperic  acid  melts  at 
216°-217°,  and  at  a  higher  temperature  partially  sublimes  with 
an  odour  of  coumarin,  leaving  a  brown  residue.  It  is  nearly 
insoluble  in  water,  and  requires  270  parts  of  cold  alcohol  for  solu- 
tion, but  dissolves  readily  in  boiling  alcohol.  It  is  sparingly  soluble 
in  ether  and  benzene,  and  nearly  insoluble  in  petroleum  spirit. 

Piperic  acid  is  a  feeble  acid,  but  forms  a  series  of  crystallisable 
salts,  most  of  which  are  but  sparingly  soluble  in  water,  and 
insoluble  in  alcohol. 

Concentrated  sulphuric  acid  turns  piperic  acid  blood-red,  and 
subsequently  chars  it.  Nitric  acid,  even  when  dilute,  converts  it 
into  a  nitro-derivative  of  an  orange  colour,  which  evolves 
an  odour  of  coumarin  when  heated  with  caustic  alkali.  When 
fused  with  caustic  potash,  piperic  acid  yields  protocatechuic, 
acetic,  oxalic,  and  carbonic  acids,  with  hydrogen  and  secondary 
products. 

COMMERCIAL  PEPPER. 

The  pepper  of  commerce,  when  genuine,  consists  of  the  imma- 
ture dried  fruit  of  Piper  niyrum,  a  plant  indigenous  to  India,  and  at 
present  cultivated  in  the  West  Indies,  various  parts  of  the  Malayan 
Archipelago,  and  other  tropical  districts.1 

Black  pepper  is  composed  of  the  entire  berries,  with  the  pulp 
adhering,  gathered  before  they  are  quite  ripe,  and  dried  in  the 

1  CAYENNE  PEPPER  is  quite  distinct  in  composition,  characters,  and 
botanical  origin  from  true  pepper.  It  consists  of  the  ground  pods  of  Capsicum 
annuum  or  C.  fastigatum.  In  the  author's  personal  experience,  cayenne 
pepper  has  been  found  adulterated  with  oxide  of  iron,  common  salt,  and  in 
one  case  (1879)  with  6  per  cent,  of  red  lead.  Such  sophistications  are  probably 
now  entirely  obsolete. 

The  following  figures  are  the  average  of  several  analyses  of  commercial 
cayenne  pepper  byA.  Wynter  Blyth  : — 

Aqueous  extract,        .  .  .  .  32 '10  per  cent. 

Alcoholic  extract,      .  .  .  .  2579 

Benzol  extract,          .  .  .  .  20 '00 

Ethereal  extract,       .  .  .  .  1073 

Total  nitrogen,          ....  2'04 

Ash,  .....  5-69 

The  pungency  of  cayenne  pepper  is  due  entirely  to  the  oil  and  resin 
extractable  by  ether.  After  exhaustion  with  this  solvent  the  residue  is  taste- 
less, or  nearly  so. 

When  added  to  mustard,  gin,  &c.,  cayenne  pepper  can  be  detected  by  the 
pungent  taste  of  the  alcoholic  or  ethereal  extract.  A  highly  characteristic 
behaviour  is  the  production  of  intensely  irritating  vapours  on  heating  the 
residue.  On  inhaling  these  cautiously,  the  burning  sensation  produced  in  the 
throat  and  lungs  is  not  to  be  mistaken. 
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sun.  White  pepper  consists  of  the  decorticated  berries,  and 
hence  shows  a  much  smaller  proportion  of  ligneous  matter  on 
analysis.  To  meet  the  demand  for  a  very  light-coloured  pepper, 
the  outer  layers  of  the  seed  are  sometimes  ground  off,  and 
the  nearly  white  kernel  alone  used.  Such  pepper  contains 
a  large  proportion  of  starch,  but  is  deficient  in  flavour  and 
pungency. 

The  commercial  value  of  pepper  depends  much  upon  the  weight 
of  the  peppercorns.  The  following  figures  show  the  weight 
in  grammes  of  100  berries  of  the  chief  commercial  varieties 
of  pepper  as  observed  by  A.  Wynter  Blyth  and  W. 
Johnston  e. 

A.  W.  Blyth.          W.  Johnstone. 

Penang,        .  .  6'2496  3'9028 

white,  .              ...  4-9360 

Malabar,      .  .  6 '05  3  6 

Sumatra,      .  .  5*1476 

Trang,          .  .  4'5736  4'8101 

Tellicherry,  .  4'5076  4'4421 

Acheen,       .  .              ...  5'1976 

Alleppy,       .  .              ...  3-8438 

Kampoot,     .  .              ...  4'4540 

Lampong,     .  .              ...  3'5410 

Siam,  .         .  .              ...  4-2776 

„       white,  .              ...  5-1441 

Singapore,    .  .              ...  4'5338 

„         white,.              ...  4-6936 

Blyth  remarks  that,  in  the  trade,  Malabar  pepper  is  generally 
considered  the  heaviest,  and  that  his  sample  of  Penang  may  have 
been  particularly  fine.  As  retailed  in  a  ground  state,  commercial 
pepper  is  invariably  blended,  a  common  mixture  consisting  of 
equal  parts  of  Malabar,  Penang,  and  Sumatra  pepper.  Of  these, 
the  first,  which  is  the  dearest,  gives  weight,  the  second  strength, 
and  the  third  colour. 

In  addition  to  the  usual  plant-constituents,  including  starch, 
pepper  contains  an  acrid  resin,  a  volatile  oil,  and  the  peculiar 
alkaloid  piperine,  accompanied  in  some  cases  with  small 
quantities  of  its  decomposition-product  piperidine. 

The  oil  of  pepper,  which  is  present  to  the  extent  of  about  1 
per  cent.,  belongs  to  the  terpene  class,  and  has  the  smell  of 
pepper  but  only  a  mild  taste. 

The  resin  of  pepper  is  said  to  be  dark  green,  soluble  in  alcohol, 
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ether,  and  alkalies,  and,  in  presence  of  other  constituents  of 
pepper,  in  water  also.  It  has  a  hot,  pungent,  peppery  taste.  From 
the  above  description  it  is  very  doubtful  if  the  resin  has  been 
obtained  pure. 

Piperine,  the  characteristic  alkaloid  of  pepper,  has  already  been 
described.  The  proportion  stated  to  be  present  varies  within  wide 
limits,  but,  according  to  the  most  reliable  observations,  lies  between 
2  and  8  per  cent. 

Numerous  more  or  less  complete  analyses  of  pepper  have  been 
published,  but  for  the  most  part  they  have  little  practical  value 
as  indications  of  quality  or  purity.  As  the  pungency  and  flavour 
of  pepper  depend  on  the  proportion  of  alkaloid  and  resin,  it  is 
evident  that  the  percentage  of  these  constituents  is  of  the  first 
importance.  A.  Wynter  Blyth  (Foods:  Composition  and 
Analysis)  gives  the  following  figures  in  illustration  of  the  general 
composition  of  commercial  peppers  : — 


Moisture  ; 
per  cent. 

On  Moisture-free  Pepper  ;  per  cent. 

Total 
Ash. 

Soluble 
Ash. 

Aqueous 
Extract. 

Piperine. 

Resin. 

Black  Peppers— 

Penang,     . 

9-53 

4-18 

2-21 

18-33 

5-570 

2-08 

Tellicherry, 

12-90 

5-77 

3-38 

16-50 

4-675 

1-70 

Sumatra,  . 

10-10 

4-31 

2-62 

17-59 

4-702 

1-74 

Malabar,  . 

10-54 

5-19 

3-45 

20-37 

4-632 

1-74 

Trang, 

11  -6« 

4-77 

2-53 

18-17 

4-600 

1-70 

White  Pepper, 

10-30 

1-12 

0-56 

5-600 

2-05 

Long  Pepper, 

8-30 

4-47 

16-82 

1-800 

0'80 

The  piperine  and  resin  were  determined  by  exhausting  the 
finely-powdered  pepper  with  strong  alcohol,  evaporating  it,  and 
weighing  the  alcoholic  extract,  which  consists  practically  of 
piperine  and  resin.  On  treating  this  with  caustic  alkali,  the  resin 
is  dissolved,  and  the  residual  piperine  is  redissolved  in  strong 
alcohol,  the  solution  filtered,  evaporated,  and  the  residue  weighed. 
The  difference  between  the  weight  of  piperine  thus  found  and  the 
weight  of  the  original  alcoholic  extract  was  regarded  as  resin.  An 
alternative  method  is  to  dissolve  out  the  piperine  from  the  alcoholic 
extract  by  means  of  petroleum-ether. 

Thos.  Stevenson  (Analyst,  xii.  144)  in  1887  published  the 
following  figures  as  representing  the  proportions  of  piperine  and 
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resin  in  typical  samples  of  commercial  air-dried  pepper,  containing 
about  1 4  per  cent,  of  moisture : — 


Black  pepper, 

(Trang), 

White  pepper,    . 
Long  pepper,      . 


Pipeline. 
7' 14  per  cent. 
6-62       „ 
6-47      „ 
4-24 


Resin. 

1*44  per  cent. 
0-82       „ 
0-69       „ 
1-16 


In  these  analyses,  a  weight  of  50  grammes  of  the  ground  samples 
was  exhausted  with  hot  methylated  spirit  at  60°  O.P.  during 
several  days.  The  alcoholic  liquid  was  evaporated,  and  the 
extracts  digested  with  a  cold  solution  of  potash.  The  piperine 
thus  separated  was  washed  with  water,  dried  at  100°  C.,  and 
weighed.  It  was  then  recrystallised  from  alcohol,  and  reweighed 
in  a  condition  of  great  purity.  The  "  resin  "  was  obtained  by  pre- 
cipitating the  alkaline  solution  with  hydrochloric  acid,  and  was 
no  doubt  a  mixture  of  resinous  and  oily  bodies. 

The  following  results,  published  by  C.  Heisch  in  1886, 
(Analyst,  xi.  188),  afford  additional  information  respecting  the 
variation  in  composition  of  commercial  peppers  : — 


Ash  in  Moisture-free  Pepper. 

Per  100  Parts  of  Ash-free  and 
Moisture-free  Pepper. 

Total. 

Sol.  in 
Water. 

Insol.  in 
Acid. 

Starch. 

Alcoholic 
Extract. 

Piperine. 

Black  Peppers— 

Acheen  Penang, 

8-99 

1-54 

4-38 

48-53 

12-26 

6-04 

Penang,    .... 

6-446 

3-102 

•908 

51-06 

16-20 

9-38 

Trang,      .... 

8-35 

1-60 

3-42 

54-06 

12-28 

4-05 

Tellicherry,     . 

5-28 

3-34 

•04 

56-67 

12-67 

6'8S 

Tellicherry  (brushed),    . 

6-414 

2-739 

1-196 

55-87 

13-62 

7-86 

Singapore, 

5-41 

2-07 

•82 

56-24 

12-41 

7-14 

Light  dusty  Singapore,  . 

5-39 

2-48 

•73 

54-93 

11-62 

6-299 

Good  black  Singapore,  . 

4-35 

2-48 

•36 

54-54 

10-47 

6-06 

White  Peppers  — 

Penang,    

3779 

•618 

•357 

77-68 

973 

5-54 

Singapore, 

1-28 

•217 

•218 

76-35 

9-49 

6-14 

Siam,       .... 

1-807 

•254 

•688 

76-27 

9-23 

5-13 

Fine  White  (ground),     . 
Finest  White  (ground),  . 

1-579 
2-177 

•162 
•501 

•517 
•174 

75-31 
84-69 

10-60 
9-53 

4-51 
4-70 

Super  White  (ground),   . 

1-401 

•373 

o-oo 

85-26 

9-63 

4-50 

Long  Peppers  — 
No.  1,H, 

13-48 

2-28 

5'68 

58-98 

8-29 

171 

No.  2,  T,  . 

11-978 

2-374 

3-686 

46-16 

8-52 

1'70 

Miscellaneous  — 

Black  Pepper  Husks,     . 

11-902 

2-122 

3-413 

41-71 

13-81 

4-84 

Siftings  before  grinding, 

51-39 

1-02 

43-90 

30-66 

7-52 

1-15 

Poivrette, 

3-847 

2-88 

•38 

49-98 

It  will  be  observed  that  the  proportion  of  "  alcoholic  extract " 
obtained  by  Heisch  is  in  most  cases  considerably  higher  than  the 
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sum  of  the  resin  and  pipeline  recorded  by  A.  Wynter  Blyth. 
Heisch's  piperine  was  obtained  crystalline  but  somewhat  dark- 
coloured.  Heisch  lays  considerable  stress  on  the  proportion  of 
starch,  for  the  determination  of  which  he  boiled  the  finely-ground 
pepper  for  three  hours  in  "10  per  cent,  hydrochloric  acid,"  and 
observed  the  optical  rotation  of  the  resulting  liquid.  The  results 
agreed  closely  with  those  obtained  by  determining  the  cupric  oxide 
reducing  power  of  the  liquid.  The  gum  and  other  soluble  matters 
were  found  to  possess  an  optical  activity  equivalent  to  about  1  per 
cent,  of  starch,  while  the  alcoholic  extract  was  optically  inactive. 
Determinations  of  cellulose  were  subsequently  made  in  many  of  the 
above  samples,  with  results  which  are  stated  on  page  54. 

In  1884,  L e n z  (Zeits.  anal.  Chem.,  xxiii.  501 ;  abst.  Analyst,  x. 
10)  also  determined  the  amount  of  glucose  produced  by  inverting 
the  starch  in  pepper  and  its  common  adulterants.  Every  one  of 
fourteen  samples  of  pepper  of  different  kinds  gave  a  Fehling 
reduction  equivalent  to  more  than  50  per  cent,  of  the  moisture- 
free  organic  matter  of  the  pepper,  while  all  the  adulterants  gave 
less  than  30  per  cent.,  except  those  of  starchy  nature,  like  flour 
and  meal,  which,  according  to  Lenz,  are  not  employed  in  practice 
in  Germany.  Lenz  regards  the  determinations  of  matters  soluble 
in  water,  alcohol,  or  ether  as  practically  valueless,  and  lays  stress 
on  the  necessity  of  conducting  the  inversion  exactly  in  the 
following  manner  prescribed  by  him  : — From  three  to  four 
grammes  of  the  substance  to  be  examined  should  be  treated  for 
three  to  four  hours  with  250  c.c.  of  cold  water,  the  flask  being 
repeatedly  shaken.  The  liquid  is  then  filtered,  the  residue  washed 
with  cold  water,  and  the  moist  powder  washed  back  into  the 
flask  and  the  liquid  diluted  to  200  c.c.  with  water.  25  c.c.  of  25 
per  cent,  hydrochloric  acid  is  next  added,  the  flask  fitted  with  a  cork 
and  tube  one  metre  long,  and  immersed  in  a  bath  of  boiling  water 
for  three  hours,  with  occasional  shaking.  The  solution,  on  cooling, 
is  carefully  neutralised  with  caustic  soda,  made  up  to  500  c.c.,  and 
titrated  with  Fehling's  solution.  When  palm-cake  was  present  it 
was  found  necessary  to  add  a  little  zinc  chloride  to  clear  the  solution. 

Kottger  has  shown  that  other  substances  besides  starch  are 
inverted  in  Lenz'  process.  He  finds  the  sugar-equivalent  in  black 
pepper  to  vary  from  5 7 '2  to  GO'S  per  cent.;  in  white  pepper  from 
59*6  to  74'4  per  cent.;  while  Lampong  pepper  gave  an  equivalent 
of  41 '7  per  cent.  only.  These  figures  refer  in  each  case  to  the 
moisture-free  and  ash-free  samples. 

W.  Busse  (abst.  Analyst,  xx.  180)  considers  the  best  criterion 
of  the  value  of  pepper  to  be  found  in  the  determination  of  the 
brown  colouring  substances  peculiar  to  the  husk.  To  isolate  these 
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he  treats  five  grammes  of  the  finely  powdered  and  dried  pepper 
with  boiling  absolute  alcohol,  grinds  up  the  dried  residue  with  a 
little  water,  washes  it  into  a  flask  with  from  50  to  60  c.c.  of 
boiling  water,  and  adds  25  c.c.  of  a  10  per  cent,  solution  of 
caustic  soda.  The  flask  is  warmed  on  the  water-bath  for  five  hours 
with  frequent  agitation,  after  which  the  contents  are  nearly 
neutralised  with  strong  acetic  acid,  250  c.c.  of  water  added,  and 
the  liquid  filtered  (with  the  aid  of  a  filter-pump)  after  standing 
at  rest  for  twelve  hours.  50  per  cent,  of  the  filtrate  is  next 
acidulated  with  acetic  acid,  and  20  c.c.  of  a  10  per  cent,  solution 
of  lead  acetate  in  dilute  acetic  acid  added.  The  liquid  is  then 
diluted  with  water  to  100  c.c.,  agitated,  and  filtered.  10  c.c.  of 
the  filtrate  should  be  treated  with  5  c.c.  of  dilute  sulphuric  acid 
(1:3)  and  30  c.c.  of  alcohol,  and  the  resultant  lead  sulphate 
filtered  off,  washed,  weighed,  and  calculated  to  its  equivalent  of 
metal.  The  amount  of  lead  thus  found  Busse  calls  the  "  lead 
number  "  of  the  sample.  The  extract  from  1 00  parts  of  pepper, 
&c.,  gives  the  following  percentage  of  lead  when  thus  treated  : — 

White  pepper,  .  .     0'6  to    2*7  per  cent,  of  lead. 

Black  pepper,  .  .  5'4  „     7'5         „         ,, 

Pepper  husks,  .  .  12'9  „   15*7         „         „ 

Pepper  dust,  .  .  10'9   „   12'2          „          „ 

Adulterations  of  Pepper. 

Pepper  is  liable  to  admixture  with  a  variety  of  mineral  adul- 
terants. Chalk,  sand,  clay,  barium  sulphate,  dust,  shop- 
sweepings,  and  refuse  generally  are  among  those  occasionally 
met  with.1 

Such  admixtures,  when  present  in  considerable  proportion,  are 
indicated  by  the  excessive  proportion  of  ash,  which  in  genuine 
white  pepper  ranges  from  0'8  to  2  per  cent.,  and  in  black  pepper 
from  3 '5  to  5'0  per  cent. ;  but  when  mineral  adulterants  are  added 
in  small  quantity,  as  is  now  usually  the  case,  the  mere  percentage 
of  ash  does  not  afford  sufficient  information.2  Under  these  cir- 

1  At  the  weekly  spice  sales  in  Mincing  Lane,  pepper  adulterated  to  an  enor- 
mous extent  is  sometimes  put  up  to  public  auction,  and  readily  bought  with 
a  full  knowledge  of  its  nature.    30  tons  of  ' '  black  pepper  dust "  have  been  sold 
at  once  under  these  circumstances  at  about  2d.  per  lb.,  although  containing 
44 '2  per  cent,  of  mineral  matter,  consisting  of  stones,  lime,  and  dirt,  and  an 
additional  54 '8  percent,  of  mouldy  and  unsound  pepper  leaves,  husks,  &c.; 
leaving  just  1  per  cent,  of  whole  pepper  grains  !   (Analyst,  viii.  46). 

2  According  to  a  case  reported  in  the  Analyst  (xiv.   59),  the  Somerset 
House  chemists  allow  3£  per  cent,  of  sand  in  pepper,  and  an  additional  7 
per  cent,  of  "mineral  matter"  is  stated  to  be  allowed  by  "public  analysts 
and  writers  of  authority."    Such  allowances  appear  to  be  quite  indefensible. 
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cumstances,  a  very  useful  plan  is  to  shake  a  known  weight  of  the 
pepper  (i.e.,  10  grammes)  in  a  tapped  separator  with  chloroform. 
On  allowing  the  mixture  to  stand,  the  mineral  adulterants  sink  to 
the  bottom,  together  with  a  small  quantity  of  husk,  &c.,  and  can 
be  removed  through  the  tap  and  further  examined. 

After  evaporating  off  the  chloroform,  the  deposit  may  be 
weighed,  observed  under  the  microscope,  and  treated  with  solvents 
for  further  analysis.  This  method  of  operating  has  the  great 
advantage  of  distinguishing  between  added  mineral  matters  and 
natural  ash-constituents. 

Bostock  Hill  (Analyst,  x.  122)  has  met  with  commercial 
pepper  yielding  24'2  per  cent,  of  ash  of  a  reddish  colour,  which 
proved  on  analysis  to  consist  of  finely-ground  clay  or  brick- 
dust. 

Pepper-corns  themselves  are  frequently  bleached  or  limed. 
B.  Dyer  (Analyst,  x.  123)  has  met  with  samples  sold  in  Mincing 
Lane  as  white  pepper,  consisting  in  reality  of  black  pepper.  This 
had  been  skilfully  coated  with  a  kind  of  whitish  clay,  which  all 
washed  off  in  water,  though  the  peppercorns  could  be  rubbed  in 
the  hands  without  the  sophistication  being  observed. 

F.  W.  Stoddart  (Analyst,  xiv.  37)  has  described  a  material 
in  extensive  use  for  the  adulteration  of  pepper,  which  consists  of 
a  finely-ground  mixture  of  rice-starch,  barium  sulphate,  calcium 
carbonate,  and  lead  chromate.  The  last  ingredient  forms  about 
1 0  per  cent,  of  the  mixture.  By  the  addition  of  about  5  per  cent, 
of  this  preparation,  the  colour  of  pepper  is  so  improved  as  to  raise  its 
market  value  very  considerably,  though  as  much  as  10  per  cent, 
is  stated  to  be  sometimes  employed.  Such  pepper  is  best  examined 
by  agitation  with  chloroform,  when  the  mineral  adulterants  are 
separated  unchanged. 

W.  F.  K.  Stock  (Analyst,  xvi.  224),  in  1892,  published 
further  information  with  regard  to  commercial  white  pepper.  He 
gives  the  following  figures  obtained  by  the  analyses  of  four  samples 
of  whole  peppercorns  ground  in  his  own  laboratory  : — 


Tellicherry. 

Siam. 

Lampoug. 

Penang. 

Ash  

1-05  percent 

1-45  per  cent. 

2-20  per  cent. 

2-75  per  cent. 

Fibre,  .... 

4-86       „ 

4-43 

4-90       ,, 

5-06 

Calcium  Carbonate  in  \ 
Pepper,     .        .       / 

0-58       „ 

0-62        „ 

0-81 

1-67 

Calcium  Carbonate  in  \ 
Ash,                          / 

56-20        „ 

42-70        „ 

36-80 

60-70        „ 
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Stock  obtained  the  following  figures  by  the   analysis  of   two 
samples  of  Tellicherry  pepper  : — 


Undecorticated. 

Decorticated. 

Total  Ash  

4  '02  per  cent. 

1'64  per  cent. 

Fibre,    

10-40 

6  '80 

Ratio  of  Lime  as  CaC03  to  total  Ash, 

27-30 

62-00 

From  these  figures  it  appears  that  the  natural  calcium  com- 
pounds of  pepper  are  more  abundant  in  the  kernel  than  in  the 
husk,  and  that  instead  of  the  calcium  compounds  augmenting 
directly  as  the  proportion  of  husk,  as  asserted  by  interested 
parties,  they  are  in  inverse  proportion. 

The  foregoing  figures  cannot  be  compared  with  those  obtained 
by  the  analyses  of  bleached  samples  of  pepper,  because  both  the 
calcium  compounds  and  the  fibre  are  greatly  affected  by  the 
bleaching  process.  From  the  fact  that  by  no  process  of  grading 
can  the  normal  relation  of  the  ash-constituents  of  the  kernels 
be  disturbed,  and  taking  into  account  also  the  natural  per- 
centage of  ash  and  the  normal  ratio  of  lime  to  total  ash,  it 
follows  that  these  determinations  give  the  necessary  data  for 
ascertaining  any  abnormal  proportion  of  calcium  salts  in  white 
pepper. 

Stock  gives  the  following  results,  showing  the  amount  of  ash  in 
100  samples  of  white  pepper,  purchased  indiscriminately  under 
the  Sale  of  Food  and  Drugs  Act: — 


Between 
1  °/0  and  1-5  %• 

Between 
l-5°/0and2-07«. 

Between 
2-0  %  and  2'5  %. 

Between 
2  -5%  and  3-0%. 

Between 
3-0  %  and  3-45  %• 

26  samples. 

37  samples. 

18  samples. 

9  samples. 

10  samples. 

The  lowest  ash  found  was  0'80  per  cent. ;  the  highest,  3 '4 5 ; 
and  the  average,  1*914  per  cent. 

Stock  holds  that  no  sample  of  white  pepper  should  be  considered 
genuine  the  ash  of  which  exceeds  3  per  cent.,  and  where  the  pro- 
portion of  lime,  in  terms  of  CaC03,  exceeds  60  per  cent,  of  the 
total  ash.  These  limits,  he  considers,  allow  fair  latitude  for 
natural  variations  and  unavoidable  impurities. 

Long  Pepper  is  the  fruit   of    Chavica   Roxburghii,  and  does 
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not  consist  merely  of  the  berries  analogous  to  the  pepper- 
corns of  true  pepper  plant.1  As  found  in  commerce,  it  is 
always  contaminated  with  from  3  to  7  per  cent,  of  insoluble 
sand  and  clay,  imbedded  in  the  crevices  and  irregularities  of 
the  fruit.  Hence  it  is  difficult,  if  not  impossible,  to  clean  long 
pepper  before  grinding,  in  the  manner  readily  practised  with  true 
pepper. 

As  it  is  not  possible  to  separate  the  hard  husk  and  woody 
centre  from  the  minute  berries,  ground  long  pepper  contains  much 
larger  proportions  of  woody  fibre  than  are  characteristic  of  (ground) 
true  pepper  of  the  corresponding  shade,  though  not  so  high  a  per- 
centage of  total  cellulose  as  is  contained  in  the  most  husky  black 
pepper.  These  facts  are  exemplified  in  the  following  figures  by 
J.  Campbell  Brown,  obtained  by  the  analysis  of  samples  of 
long  pepper  carefully  cleaned  by  hand : — 


A. 

B. 

C. 

Total  Ash  

8-91 

8-98 

9-61 

Ash  insoluble  in  hydrochloric  acid,           ... 

1-2 

1-1 

1-5 

Starch  and  other  matter  convertible  into  sugar, 

44-04 

49-34 

44-61 

Albuminous  matter  soluble  in  alkali, 

15-47 

17-42 

15-51 

Cellulose,      

1570 

10-50 

10-73 

Alcoholic  extract,         

7-7 

7-6 

10-5 

Ethereal  extract,          

5'5 

4-9 

8-6 

Total  Nitrogen,    

2-1 

2-0 

2-3 

x  6-25=  Albuminoids,       

13-13 

12-5 

14-37 

In  these  analyses  it  will  be  observed  that  the  albuminoids, 
calculated  in  the  usual  manner  from  the  total  nitrogen,  are 
sensibly  less  than  the  amount  directly  determined,  although  a 
notable  quantity  of  the  total  nitrogen  existed  in  a  non-albuminoid 
form  (piperine,  &c.). 

Long  pepper  contains  a  much  smaller  proportion  of  piperine 

1  According  toj.  Campbell  Brown  (Analyst,  xii.  67),  long  pepper 
bears  much  the  same  relation  to  true  pepper  .that  wild  grass  seed  would  bear 
to  oatmeal.  It  consists  of  the  small  berries  with  the  husks  and  indurated 
coverings  hardened  together  and  to  the  central  woody  stem,  much  as  in  pines 
the  seed  and  coverings  are  all  hardened  into  one  cone.  Long  pepper  is 
usually  derived  from  wild  plants,  and  is  always  contaminated  with  a 
quantity  of  dirt,  picked  up  from  the  soil  of  the  river-banks  on  which  it 
grows. 
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than  is  present  in  true  pepper,  and  the  essential  oil  has  a  strong 
and  disagreeable  smell. 

Long  pepper  is  legitimately  used  in  pickles,  but  in  the  ground 
state  is  not  a  recognised  article  of  trade.  Its  flavour  and  its  smell 
on  warming  preclude  its  use  in  an  unmixed  state,  and  its  unac- 
knowledged addition  to  true  pepper  is  clearly  an  adulteration  (see 
Analyst,  xiv.  107). 

According  to  J.  Campbell  Brown  (Analyst,  xii.  69)  the 
presence  of  long  pepper  in  ground  pepper  may  be  recognised  by 
the  following  characters  : — 

Any  considerable  proportion  of  long  pepper  imparts  to  the 
mixture  its  peculiar  slaty  colour ;  but  this  may  be  prevented  to 
some  extent  by  sifting  out  much  of  the  darker  or  husky  portions 
of  the  long  pepper  before  mixing. 

The  odour  of  a  mixture  containing  even  a  moderate  proportion 
of  long  pepper  is  unmistakable  after  some  experience.  The 
ethereal  extract  of  the  samples  yields  the  characteristic  odour  of 
long  pepper  very  plainly  when  warmed.  The  ash  of  a  sample 
containing  long  pepper  will  be  excessive,  especially  the  proportion 
of  ash  insoluble  in  hydrochloric  acid.  This  indication  is  particu- 
larly important  when  long  pepper  has  been  added  to  white 
pepper,  the  natural  ash  of  which  is  very  small.  When  long 
pepper,  from  which  the  husk  particles  have  been  sifted  out,  is 
added  to  white  pepper,  it  invariably  introduces  its  sand  with  it, 
as  also  some  spent  bleach,  if  an  attempt  has  been  made  to  bleach 
it.  The  woody  fibre  in  ground  long  pepper  is  always  consider- 
able. On  spreading  out  a  sample  containing  long  pepper  in  a 
smooth  thin  layer  on  strong  paper,  by  means  of  an  ivory  paper- 
knife,  pieces  of  fluffy  woody  fibre  will  be  detected,  especially  if 
the  smooth  thin  layer  be  tapped  lightly  from  below.  These 
particles  have  a  characteristic  microscopic  appearance.  The  starch- 
granules  of  long  pepper  are  much  larger  than  those  of  true  pepper. 
They  have  a  diameter  of  about  0'0002  inch,  and  hence  are  not 
much  smaller  than  rice-starch.  They  appear  isolated  or  loosely 
aggregated  in  clusters. 

According  to  A.  W.  Stokes  (Analyst,  xiv.  82),  any  admix- 
ture of  long  pepper  with  true  pepper  can  be  detected  by  placing 
a  small  portion  of  the  sample  on  a  slip  of  glass,  adding  a  drop  of 
glycerin,  covering  it  with  thin  glass,  and  observing  it  under  the 
microscope,  using  a  one-inch  power  and  the  Nicol's  prisms 
crossed  so  as  to  give  a  dark  field.  If  ordinary  pepper  alone  be 
present,  the  field  will  be  entirely  dark,  but  fragments  of  long 
pepper  exhibit  a  ghostly  white  appearance.  Stokes  points  out 
that  rice  exhibits  a  very  similar  appearance  to  long  pepper  when 
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examined  in  this  manner,  a  fact  which  has  been  known  to  and 
utilised  by  the  writer  for  many  years.1  The  starch-granules  of  long 
pepper  are  well-defined  and  angular,  but  much  larger  than  those 
of  true  pepper,  approaching  the  size  of  the  granules  of  rice-starch. 

Ground  rice  is  the  most  frequent  amylaceous  adulterant  of  com- 
mercial pepper.  The  author  has  met  with  it  to  the  extent  of  50 
per  cent.  It  can  be  recognised  under  the  microscope  by  the  size 
and  polygonal  shape  of  the  starch-granules,  and  by  the  peculiar 
appearance  already  referred  to  when  the  sample  is  mounted  in 
glycerin  and  examined  by  polarised  light.  The  proportion  of 
rice  mixed  with  pepper  is  best  inferred  from  the  increased  per- 
centage of  starch. 

Spent  ginger  has  been  used  as  an  adulterant  of  pepper.  It  may 
be  recognised  by  the  microscopic  appearance  of  its  starch. 

To  facilitate  the  examination  of  pepper  under  the  microscope, 
F.  W.  Rimmington  (Analyst,  xiv.  82)  recommends  that  the 
sample  should  be  shaken  several  times  with  alcohol  and  sub- 
sequently with  water  in  a  test-tube.  The  residue  is  allowed  to 
subside,  when  it  usually  forms  several  strata,  the  uppermost  of 
which  is  the  most  interesting.  On  removing  a  small  portion  of 
this  with  a  pipette,  and  examining  it  with  a  magnifying  power  of 
about  250  diameters,  every  particle  will  be  seen  clearly  defined, 
the  starch-granules  can  be  easily  measured,  and  any  foreign 
bodies  can  be  recognised. 

Dlioura,  commonly  called  great  millet,  or  Turkish 
millet,  is  the  grain  (with  an  integument,  but  without  the  husk) 
of  the  cereal  plant  Sorghum  vulgar e.  J.  Campbell  Brown 
met  with  it  several  times  in  commercial  pepper,  and  gives  the  fol- 
lowing figures  illustrative  of  the  composition  of  the  moisture-free 
substance  (Analyst,  xii.  90) : — 


No.  1. 

No.  2. 

Ash,      

1-31  percent. 

1-69  per  cent. 

Soluble  in  10  per  cent,  hydrochloric  acid, 

90-70       „ 

87-80       „  , 

Starch,        

75-20       „ 

73-00       „ 

Albuminous  matters  soluble  in  caustic  alkali, 

6-71        „ 

7-96        „ 

Cellulose,    

2-56 

4-19        „ 

Alcoholic  extract  

1036       „ 

7-96        „ 

Ethereal  extract,        

1010        „ 

7-30        „ 

Nitrogen,    

1-82        „ 

1-79        „ 

1  Excessive  grinding  must  be  avoided,  or  the  substance  will  be  resolved  into 
the  ultimate  starch-granules,  which  do  not  produce  the  same  optical  effect 
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The  body  of  sorghum  seed  is  very  white,  and  consists  mainly 
of  roundish  or  irregular  starch-granules,  varying  in  size  from 
0*0001  up  to  0*0006  inch  in  diameter,  and  showing  under 
polarised  light  a  nearly  right-angled  cross.  Some  of  these 
granules  have  a  hilum  and  star  in  the  centre,  somewhat  like 
bean-starch.  The  seed  also  contains  larger,  irregularly-rounded, 
granules  of  starch,  varying  from  0*0005  to  0*0013  inch  in  dia- 
meter, and  showing  no  cross,  or  only  a  very  faint  one,  under 
polarised  light. 

Poivrette  or  Pepperette  is  the  trade-name  of  an  adulterant  of 
pepper  which  was  employed  very  extensively  a  few  years  since, 
and  the  nature  of  which  was  first  pointed  out  byJ.  Campbell 
Brown.  Poivrette  consists  of  finely-ground  olive-stones,  and  has 
the  composition  indicated  by  the  following  figures  (Analyst,  xii. 
24):- 


White 
Pepperette. 

Black 
Pepperette. 

Almond 
Shells. 

Olive- 
Stones. 

Ash,  

1-33 

2-47 

2-05 

1-61 

Matters  soluble  in  dilute! 
acid,  ./ 

38-32 

34-55 

23-53 

39-08 

Albuminous  and  other) 
matters  soluble  in  > 
alkali,  .  .  .  .) 

14-08 

17-66 

24-79 

15-04 

Woody  fibre,  &c.,  in-) 
soluble  in  acid  and  !> 
alkali  j 

48-48 

47-69 

51-68 

45-38 

Starch  

None. 

None. 

None. 

None. 

White  poivrette  consists  of  pale,  and  possibly  partially  bleached, 
olive-stones,  while  black  poivrette  contains  a  little  black  husk. 
Although  poivrette  contains  no  starch,  it  reduces  Fehling's  solu- 
tion after  boiling  with  dilute  acid.  The  quantity  of  sugar  produced 
depends  on  the  time  of  treatment  and  the  strength  of  the  acid 
used,  but  is  approximately  10  per  cent. 

Poivrette,  as  it  occurs  in  commerce,  is  a  buff"  or  cream-coloured 
powder,  and  cannot  be  distinguished  by  the  naked  eye  or  a 
moderate  magnifying  power  from  genuine  pepper.  Under  the 
microscope,  with  a  ^-  or  J-inch  objective,  it  is  seen  to  consist  of 
pale,  dense  ligneous  cells,  some  entire  and  marked  with  linear  air- 
spaces, others  torn  and  indistinct.  Some  of  the  cells  of  poivrette 
are  very  characteristic,  their  appearance  somewhat  resembling 
grains  of  oats.  A  striking  difference  between  the  ligneous  cells 
of  poivrette  and  pepper  is  perceptible  when  the  object  is  examined 
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by  polarised  light,  with  the  Nicol's  prisms  crossed,  but  without  a 
selenite  plate,  when  the  poivrette  cells  appear  of  a  bluish-white, 
and  the  pepper  of  a  yellowish- white  lustre  (J.  Campbell  Brown, 
Analyst,  xii.  72). 

A  simple  method  of  recognising  poivrette  in  pepper  is  to  mix 
the  sample  into  a  paste  with  dilute  caustic  alkali,  dilute  the  mix- 
ture with  much  water,  and  wash  the  residue  by  decantation.  The 
particles  of  poivrette  will  then  appear  of  a  bright  yellow  colour, 
while  the  dark  particles  are  pepper-husk.  Bleached  husk- cells  may 
somewhat  resemble  those  of  poivrette,  but  are  distinguished  by 
their  softness  and  appearance  under  the  microscope. 

Poivrette  may  be  recognised  in  pepper  by  other  colour-reactions. 
Thus  Gillet  (Bui.  Soc.  Chim.,  i.  173)  has  proposed  the  use  of  a 
solution  of  6*5  gramme  of  iodine  in  120  c.c.  of  rectified  spirit, 
which  colours  pepper  brown  or  dark  chestnut,  while  poivrette  is 
said  to  become  bright  yellow.  Jumeau  prefers  a  solution  of 
5  grammes  of  iodine  in  100  c.c.  of  a  mixture  of  ether  and  alcohol. 
Chevreau  (Rep.  Pharm.,  1889,  p.  203  ;  Pharm.  Jour.,  [3],  xx. 
64)  considers  the  iodine-reaction  unreliable,  and  utilises  the  fact 
that  the  sclerous  elements  of  vegetable  tissues  are  coloured  yellow 
by  acid  solutions  of  aniline,  while  other  tissues  are  unaffected. 
To  test  pepper  for  poivrette  he  moistens  the  sample  with  a  solu- 
tion of  aniline  in  two  to  three  parts  of  ordinary  acetic  acid. 
When  genuine  pepper  is  thus  treated,  no  change  is  observable  by 
the  naked  eye,  and  even  under  the  microscope  only  a  few  scattered 
yellow  cells  can  be  seen.  But  if  the  sample  contain  ground  olive- 
stones  it  assumes  a  characteristic  yellow  colour,  and  under  the 
microscope  the  stone-cells  appear  of  a  pure  gamboge-yellow. 
D.  Martelli  (abst.  Analyst,  xx.  181)  digests  1  gramme  of 
phloroglucinol  for  two  or  three  days  in  50  to  60  c.c.  of  hydro- 
chloric acid  of  1*1  specific  gravity.  A  small  quantity  (0*5  gramme) 
of  the  sample  of  pepper  is  covered  by  this  reagent  and  cautiously 
heated  until  fumes  of  hydrochloric  acid  begin  to  come  off. 
Poivrette  and  similar  substances,  including  the  shells  of  almonds, 
walnuts,  &c.,  are  coloured  an  intense  cherry-red,  and  may  be 
readily  distinguished  from  the  yellow  or  faintly-brown  particles 
of  true  pepper.  On  adding  a  little  water  and  decanting,  any 
poivrette  or  other  woody  tissue  is  left  as  a  violet-red  powder. 

Pabst  (Monit.  Scient.,  xxxiv.  470  ;  abst.  Jour.  Soc.  Chem.  2nd., 
ix.  770)  recommends,  for  the  detection  of  poivrette,  a  solution  of 
dimethyl-paraphenylenediamine,1  which  reagent  has  been  applied 

1  This  reagent  is  prepared  as  follows  :— Ten  grammes  weight  of  commercial 
dimethylaniline  is  mixed  in  a  porcelain  dish  with  20  grammes  of  pure  strong 
hydrochloric  acid.  100  grammes  of  broken  ice  are  next  added,  and  then, 
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by  Wiirster  to  the  detection  of  wood-pulp  in  paper.  In  testing 
pepper,  1  to  2  c.c.  of  the  reagent  should  be  placed  in  a  shallow 
dish  and  a  pinch  of  the  pepper  sprinkled  into  on  the  surface. 
In  a  few  minutes,  the  particles  of  olive-stones  assume  a  fine 
carmine-red  colour,  while  the  grains  of  pepper  remain  unaltered, 
or  are  coloured  only  a  faint  pink.  If  water  be  next  added,  the 
heavy  particles  of  poivrette  sink  and  collect  together,  when  they 
are  easily  identified.  The  colour  acquired  by  olive-stones  when 
thus  treated  dissolves  in  the  water  after  a  time,  and  the  particles 
acquire  a  brownish  or  blackish  colour.  Other  ligneous  tissue,  such 
as  ground  nut-shells,  behaves  like  poivrette  with  Pabst's  reagent. 
Thalline  sulphate,  in  freshly-made  0'5  per  cent,  aqueous  solution, 
may  be  substituted  for  dimethyl-phenylenediamine  solution  in  the 
above  test.  The  particles  of  poivrette  are  stained  a  beautiful  orange 
colour,  which,  however,  takes  longer  to  develop  than  the  red  pro- 
duced by  the  previous  reagent. 

According  to  C.  ISTeuss  (Pharm.  Zeit.,  1885,  p.  30),  if 
powdered  pepper  be  covered  with  concentrated  hydrochloric  acid, 
the  particles  of  true  pepper  assume  an  intense  yellow  colour,  so 
that  any  admixture  can  be  readily  recognised,  and  approximately 
determined. 

According  to  C.  Girard,  if  pepper  adulterated  with  poivrette 
be  sprinkled  on  the  surface  of  a  mixture  of  equal  measures  of 
glycerin  and  water,  the  pepper  will  float  on  the  surface,  while  the 
olive-stones  sink  to  the  bottom  of  the  liquid. 

The  presence  of  poivrette  in  pepper  having  been  recognised  by 
some  of  the  foregoing  means,  the  proportion  present  may  be 
approximately  deduced  from  the  abnormal  amounts  of  ash,  fibre, 
and  starch. 

H.  Rabourdin  (Jour.  Pharm.,  [5],  ix.  289)  has  described  the 
following  method  of  determining  crude  fibre  in  pepper.  It  is  stated 
to  give  results  within  2  per  cent,  of  the  truth,  and  is  favourably 
reported  on  by  J.  Muter  (Analyst,  ix.  197)  : — One  gramme  of 
the  sample,  in  which  poivrette  has  already  been  detected  by  the 
microscope  or  colour-tests,  is  boiled  continuously  for  one  hour 
with  100  c.c.  of  water  and  4  grammes  of  concentrated  sulphuric 

little  by  little,  with  constant  stirring,  a  solution  of  7  grammes  of  sodium 
nitrite  in  100  c.c.  of  water.  After  half  an  hour,  30  to  40  grammes  of  hydro- 
chloric acid  and  20  grammes  of  tin-foil  are  added.  The  reduction  is  allowed 
to  go  on  for  an  hour,  when  the  tin  in  solution  is  precipitated  by  means  of 
metallic  zinc.  The  decanted  and  filtered  liquid  is  treated  with  a  slight  excess 
of  sodium  or  potassium  carbonate,  and  the  turbidity  thus  produced  is  redis- 
solved  by  the  addition  of  acetic  acid.  Finally,  10  grammes  of  sodium 
bisulphite  are  added,  and  the  whole  is  diluted  to  2  litres. 
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acid.  The  flask  should  be  furnished  with  a  reflux  condenser  to 
prevent  evaporation,  and  should  be  supported  by  the  neck  to 
avoid  fracture  through  the  violent  bumping  that  occurs.  When 
cool,  the  liquid  is  poured  through  a  plain  double  filter  which  has 
been  previously  well  dried  and  tared.  When  the  sample  contains 
olive-kernels,  they  adhere  to  the  sides  of  the  flask  in  form  of 
reddish,  sandy  particles,  which  are  never  obtained  when  pure 
pepper  is  under  treatment.  The  residue  is  washed  thoroughly 
with  boiling  distilled  water,  dried,  and  carefully  weighed.  The 
yield  of  residue  varies  considerably  with  the  kind  of  pepper  em- 
ployed, but  is  stated  to  be  nearly  constant  for  the  same  kind, 
while  there  is  a  large  increase  in  the  presence  of  olive-stones. 
White  pepper  yielded  17 '5  per  cent,  of  residue  ;  Malabar,  Telli- 
cherry,  and  Saigon  peppers,  30'0  ;  Aleppy  pepper,  32  ;  and  the 
so-called  light  varieties  of  pepper,  35  per  cent.  Pepper  refuse, 
consisting  largely  of  the  epidermis,  gave  65 '5  per  cent. ;  olive 
kernels,  an  average  of  74'5;  and  olive  husks  or  shells,  70  per 
cent. 

A.  W.  Stokes  has  described  and  recommended  a  very  similar 
process  (Analyst,  xii.  147).  He  boils  1  gramme  of  the  sample  of 
pepper  for  five  minutes  with  100  c.c.  of  distilled  water,  to  swell 
up  and  burst  the  starch-granules.  50  c.c.  of  water,  containing 
6  c.c.  of  strong  sulphuric  acid,  are  next  added,  and  the  whole 
boiled  for  an  hour  under  a  reflux  condenser.  The  contents  of  the 
flask  are  then  washed  into  a  weighed  filter,  and  washed  in  succes- 
sion with  hot  distilled  water,  hot  alcohol,  and  ether.  The  filter 
and  its  contents  are  then  dried  and  weighed,1  burnt,  and  the 
ash  deducted  from  the  weight  of  the  residue  previously  found. 
Operating  in  this  manner  Stokes  found  : — 


CRUDE  FIBRE  ;  per  cent. 

Highest. 

Lowest. 

Average. 

Black  pepper,         .... 

26-3 

21-0 

24-4 

White  pepper,        .... 

13-8 

127 

13-3 

Long  pepper,  

22-3 

20-0 

21-0 

Olive-stones,    

64-2 

62-2 

62-5 

Rice 

1-6 

0-8 

1-0 

1  A  correction  should  be  made  for  the  loss  undergone  by  the  filter- paper  by 
the  treatment.  This  is  best  done  by  employing  a  double  filter,  and  using  the 
outer  one  as  a  counterpoise. 
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Stokes'  figures  are  uniformly  lower  than  Kabourdin's,  either 
from  the  fact  that  his  samples  are  air-dried  and  the  latter  observer's 
moisture-free,  or  because  he  used  stronger  acid,  and  subsequently 
washed  with  alcohol  and  ether. 

In  the  foregoing  analyses,  the  residue  weighed  was  not  pure 
cellulose.  C.  Heisch  (Analyst,  xiii.  149)  has  recorded  a  number 
of  determinations  of  cellulose  in  pepper  and  its  adulterants,  the 
following  being  a  resume  of  his  results,  which  refer  to  ash-free 
and  moisture-free  samples  (compare  page  42)  : — 


CELLULOSE  ;  per  cent. 

Kind  of  Pepper. 

Highest. 

Lowest. 

Average. 

White  pepper,        .... 

674 

3-44 

5-33 

Black  pepper,         .... 

27'82 

11-58 

1671 

Long  pepper,  

12-98 

11-42 

12-20 

White  poivrette,     . 

... 

... 

61-94 

Black  poivrette,      .... 

... 

... 

68-80 

Alkaloids  of  Sabadilla  (Cevadilla}. 

In  1819,  the  seeds  of  Verat'rum  sabadilla^  called  also  Schceno- 
caulon  officinale  and  Asagrcea  officinalis,  were  found  independently 
by  Meissner  and  Pelletier  and  by  Caventou  to  con- 
tain an  alkaloid  which  was  obtained  by  the  former  chemists  in  an 
amorphous  form  by  boiling  the  seeds  with  water  acidulated  with 
sulphuric  acid,  and  treating  the  extract  with  ammonia  in  excess. 

In  1834,  Couerbe  isolated  from  a  similar  product  three 
distinct  substances,  of  which  one  was  amorphous,  but  yielded  a 
crystallisable  sulphate  and  hydrochloride.  It  was  readily  soluble 

1  The  severa}  species  of  Veratrum  contain  a  number  of  very  similar  alkaloids, 
the  chemistry  and  exact  relations  of  some  of  which  are  still  very  obscure. 
Some  of  these  alkaloids  are  readily  saponifiable,  like  the  aconite  alkaloids, 
which  fact  adds  to  the  difficulty  of  their  isolation.  To  increase  the  confusion, 
the  name  "veratrine"  has  been  applied  by  different  observers  to  several 
distinct  bases,  besides  indefinite  mixtures,  and  the  pharmacopoeias  of  this 
and  other  countries  describe  as  "veratrine  "  the  mixed  alkaloids  obtained 
from  cevadilla  seeds.  Since  cevadine,  the  principal  crystalline  alka- 
loid of  cevadilla,  is  quite  different  in  constitution  and  properties  from 
j  e  r  v  i  n  e,  the  characteristic  alkaloid  of  white  and  green  hellebore,  and  the 
associated  alkaloids  are  also  for  the  most  part  distinct,  it  is  desirable  to  con- 
sider the  alkaloids  of  sabadilla  and  the  hellebores  separately. 
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in  alcohol  and  ether,  but  insoluble  in  water.  To  this  alkaloid, 
Couerbe  gave  the  name  of  veratrine.  The  second  alkaloid,  called 
by  him  sabadilline,  was  insoluble  in  ether,  but  soluble  in  alcohol 
and  water,  and  was  crystallisable  therefrom.  The  third  was  also 
soluble  in  alcohol  and  water  and  insoluble  in  ether,  but  was 
amorphous,  and  formed  non- crystalline  salts.  It  was  regarded  by 
Couerbe  as  the  monohydrate  of  sabadilline. 

In  1855,  Merck  obtained  from  commercial  veratrine,  by 
evaporation  of  a  solution  in  diluted  alcohol,  a  very  pure  sub- 
stance, which  he  succeeded  in  crystallising.  This  body,  which  he 
called  veratrine,  gave  upon  analysis  numbers  leading  to  the  formula 
C32H52N"208.  Its  salts,  with  the  exception  of  the  aurichloride, 
failed  to  crystallise. 

In  1871,  Weigelin  separated  three  alkaloids  from  sabadilla 
seeds.  The  one  identical  with  M'erck's  base  he  considered  as 
capable  of  existing  in  two  separate  forms,  one  soluble  and  the 
other  insoluble  in  water.  The  other  two  alkaloids  were  obtained 
by  precipitating  the  first  base  by  ammonia  and  shaking  the  filtered 
liquid  with  fusel  oil. 

In  187 9,  Alder  Wright  and  Luff  (Journ.  Chem.  Soc.,  xxxiii. 
338)  announced  the  presence  in  sabadilla  of  three  distinct  alka- 
loids, all  of  them  saponifiable.  First,  an  amorphous  base,  contain- 
ing C37H53NOn,  forming  a  crystallisable  sulphate  and  hydro- 
chloride,  and  yielding  veratric  acid,  C9H1004,  on  saponifi- 
cation,  from  which  behaviour  they  named  it  veratrine.  Secondly, 
the  crystallisable  alkaloid  previously  described  by  Merck, 
Weigelin,  and  Schmidt  and  Koppen,  to  which  they  assigned 
the  formula  C32H49N09,  and  called  cevadine,  because  it  yielded 
cevadic  acid,  C5H802,  on  saponification.  And  thirdly,  an 
amorphous  base,  cevadilline  containing  C34H53N08,  present  in  very 
small  quantity,  and  resembling  cevadine  in  yielding  cevadic  acid 
on  saponification.  This  base  was  insoluble  in  ether,  but  differed 
in  other  respects  from  the  base  previously  described  by  Weigelin 
under  the  same  name.  In  188 3,  Bosetti  concluded  that  the  com- 
mercial alkaloid  from  sabadilla  contained  two  alkaloids  which  he 
regarded  as  isomeric.  For  the  crystalline  base  (Wright's  cevadine) 
he  retained  the  name  veratrine,  while  he  called  the  amorphous 
base  veratridine.  Ahrens  and  some  other  recent  investigators 
also  use  the  name  "veratrine"  to  represent  cevadine,  CggH^NOg.1 

1  Wright  and  Luffs  nomenclature  is  adopted  in  B  e  i  1  s  t  e  i  n's  Organische 
Chemie,  in  the  United  States  Dispensatory,  the  National  Dispensatory,  &c.  ; 
while  Richter's  Organic  Chemistry  still  applies  the  name  ' '  veratrine  '  to 
Merck's  crystalline  base,  and  mentions  cevadine  as  identical  with  it. 
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In  1891,  E.  Merck  announced  the  isolation  from  sabadilla  seeds 
of  two  new  alkaloids,  sabadine,  C29H51N08,  and  sabadinine, 
C27H45N08. 

Bearing  in  mind  the  foregoing  facts,  and  the  circumstance  that 
the  different  pharmacopoeias  apply  the  name  "veratrine"  to  a 
mixture  of  the  alkaloids  of  sabadilla,  it  is  desirable  to  discard  this 
term  altogether  in  its  application  to  a  definite  chemical  indi- 
vidual, and  to  distinguish  the  various  alkaloids  of  sabadilla  as 
follows : — 

CEVADINE  (Merck's  "veratrine"),  C32H49N09,  crystallisable;  on 
saponification  yields  cevadic  acid,  C5H802,  and  cevine, 
C27H43N08. 

CEVADILLINE,  C34H53N08,  amorphous ;  on  saponification  appar- 
ently yields  cevadic  acid,  C5H802,  and  probably  cevine, 
C27H43N08. 

VERATKIDINE  (Wright's  "veratrine"),  C37H53NOn,  not  crystal- 
lisable; on  saponification  yields  v  era  trie  acid,  C9H1004,  and 
verine  (possibly  identical  with  cevine). 

SABADINE,  C29H51N08,  crystallisable. 

SABADININE,  C27H45N08,  crystallisable. 

The  sabadilla  alkaloids  give  the  following  colour-reactions  with 
strong  sulphuric  acid  : — 

Cevadine. — Yellow,  changing  to  brownish-yellow  and  blood-red, 
with  greenish  fluorescence.  On  slight  addition  of  water  or  pro- 
longed exposure  to  air  the  colour  changes  to  purple. 

Veratridine. — Reacts  exactly  like  cevadine,  except  that  the  red 
solution  is  not  fluorescent. 

Sabadine. — Yellowish,  with  green  fluorescence,  changing  to 
blood-red  and  violet. 

Sabadilline. — Permanent  blood-red  colour. 

COMMERCIAL  "VERATRINE." — Veratrine,  B.P.  is  "an  alkaloid 
or  mixture  of  alkaloids  obtained  from  cevadilla  ;  not  quite  pure." 
It  is  described  in  the  British  Pharmacopoeia  of  1885  as  answering 
to  the  following  characters  and  tests  : — "  Pale  grey,  amorphous, 
without  smell,  but,  even  in  the  most  minute  quantity,  powerfully 
irritating  the  nostrils;  strongly  and  persistently  bitter,  and  highly 
acrid ;  insoluble  in  water,  soluble  in  spirit,  in  ether,  and  in  diluted 
acids,  leaving  traces  of  an  insoluble  brown  resinoid  matter.  It 
dissolves  in  nitric  acid,  yielding  a  yellow  solution,  and  in  sulphuric 
acid  forming  a  deep  red  solution  which  exhibits  a  green  fluorescence 
by  reflected  light.  Warmed  with  hydrochloric  acid  it  dissolves 
with  production  of  a  blood-red  colour.  Heated  with  access  of  air 
it  melts  into  a  yellow  liquid,  and  at  length  burns  away,  leaving 
no  residue.  It  is  an  active  poison." 
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The  "  veratrine"  of  the  United  States  Pharmacopoeia  is  described 
as  "  a  mixture  of  alkaloids"  forming  a  white  or  greyish-white 
amorphous  or  semi-crystalline  powder.  In.  addition  to  the  solu- 
bilities given  in  the  B.P.,  it  is  said  to  be  soluble  in  2  parts  of  chloro- 
form, in  6  parts  of  ether,  and  in  3  parts  of  cold  alcohol.  With 
nitric  acid  it  is  stated  to  form  a  yellow  solution ;  with  sulphuric 
acid  it  first  yields  a  yellow  or  orange-red  solution  with  a  greenish 
fluorescence,  which  becomes  more  intense  on  addition  of  more 
acid,  while  the  liquid  is  deep  red  by  transmitted  light.  Heated 
with  hydrochloric  acid  it  dissolves  with  deep  red  colour.  The 
German  Pharmacopoeia  describes  "veratrine"  as  a  white  powder, 
and  states  that  if  its  solution  be  spread  in  a  thin  layer  and 
powdered  sugar  sprinkled  on  it,  the  colour  is  first  yellow,  then 
green,  afterwards  blue,  and  at  the  end  of  an  hour  begins  to 
disappear.1  An  examination  of  several  samples  of  commercial 
"  veratrine,"  which  were  entirely  soluble  in  ether  and  otherwise 
answered  the  requirements  of  the  German  Pharmacopoeia,  were 
proved  by  E.  Bosetti  (Archiv.  xxi.  81),  to  consist  of  a  very 
intimate,  apparently  amorphous,  mixture  of  two  alkaloids,  one  of 
which  was  crystallisable  and  insoluble  in  water  ("crystalline  vera- 
trine," Wright's  "cevadine"),  whilst  the  other  was  not  crystal- 
lisable, but  was  soluble  in  water  (" veratridine,"  the  "soluble 
veratrine"  of  Weigelin,  and  of  Schmidt  and  Koppen ;  Wright's 
"veratrine").  Relatively  small  quantities  of  the  former  alkaloid 
sufficed  to  render  the  latter  insoluble  in  water,  while  the  presence 
of  a  small  proportion  of  the  latter  prevented  the  crystallisation  of 
the  former. 

It  is  evident  that  commercial  "veratrine"  is  liable  to  be  of  very 
variable  quality  and  physiological  activity.  If  the  bases  cevadil- 
line,  sabadine,  and  sabadinine  be  ignored,  as  occurring  in  propor- 
tions too  small  to  affect  materially  the  character  of  the  article, 
commercial  "veratrine"  may  be  regarded  as  consisting  essentially 
of  cevadine  and  veratridine,  of  which  cevadine  is  the  more 
abundant  and  physiologically  active  constituent.  No  quantitative 
separation  of  the  two  bases  is  practicable,  but  a  method  of  esti- 
mating the  proportions  of  each  in  a  mixture  of  the  two  could  be 
based  on  the  principle  employed  by  Wright  and  Luff.  Thus 

1  This  test  is  due  to  W  e  p  p  e  n.  A  modification  of  it  has  been  described  by 
E.  La  wes  (Pharm.  Zeit.,  xxxvii.  338  ;  Jour.  Soc.  Chem.  Ind.,  xi.  848)  con- 
sisting in  the  substitution  of  furfurol  for  sugar.  Three  or  four  drops  of  a 
1  per  cent,  solution  of  furfurol  in  water  are  mixed  with  1  c.c.  of  strong  sul- 
phuric acid,  and  brought  in  contact  with  the  supposed  veratrine.  If  vera- 
trine be  present,  blue  or  dark  streaks  will  appear  in  the  liquid,  which  when 
mixed  thoroughly  assumes  a  dark  green  colour,  becoming  violet  on  warming. 
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the  mixture  should  be  boiled  with  alcoholic  soda  for  a  moderate 
time,  half  an  hour  being  probably  ample.  The  liquid  should  then 
be  acidulated  with  dilute  sulphuric  acid,  distilled,  and  the  distil- 
late titrated  with  dilute  caustic  soda  or  baryta,  and  phenol- 
phthalein.  The  alkali  neutralised  by  the  volatile  cevadic  or  tiglic 
acid  is  a  measure  of  the  cevadine  (and  cevadilline)  in  the  sample ; 
while  if  the  veratric  or  dimethyl-protocatechuic  acid  be  extracted 
by  agitating  the  contents  of  the  distilling  flask  with  ether,  an 
estimation  of  the  veratridine  may  be  obtained.  One  c.c.  of  deci- 
normal  alkali  neutralised  by  the  volatile  acid  represents  0'0591 
gramme  of  cevadine  (and  cevadilline)  present ;  and  1  c.c.  of  similar 
alkali  required  by  the  acid  subsequently  extracted  by  ether 
corresponds  to  0'0667  gramme  of  veratridine. 

CEVADINE,  C32H49N09,  is  the  most  abundant  alkaloid  of  cevadilla 
or  sabadilla  seeds,  and,  according  to  Wright  and  Luff,  is  also 
present  in  the  rhizome  of  Veratrum  viride.  It  is  identical  with 
the  "  veratrine  "  of  Merck,  and  of  Schmidt  and  Kb'ppen,  but  that 
name  is  more  appropriately  given  to  the  alkaloid  first  designated 
thus  by  Couerbe,1  which  yields  veratric  acid  on  saponification, 

1  For  the  extraction  of  the  alkaloids  from  sabadilla,  AlderWright  and 
Luff  (Jour.  Chem.  Soc.,  xxxiii.  341)  percolated  the  coarsely  pulverised  seeds 
with  alcohol  acidulated  with  tartaric  acid  (1  part  of  acid  to  100  parts  of  seeds), 
evaporated  the  liquid  to  a  small  bulk,  precipitated  the  resin  by  adding  water, 
rendered  the  nitrate  alkaline  by  sodium  carbonate,  and  agitated  with  ether. 
The  separated  ether  was  then  shaken  with  tartaric  acid  solution,  and  employed 
again.  The  acid  liquid  containing  the  alkaloids  as  tartrates  was  again 
treated  with  sodium  carbonate,  and  agitated  with  ether,  which  completely 
dissolved  the  alkaloids.  The  ethereal  solution  was  cautiously  treated  with 
benzoline  previously  diluted  with  a  little  ether  until  a  permanent  precipitate 
began  to  form,  and  then  set  aside,  when  the  ether  evaporating  the  more 
rapidly,  the  liquid  became  gradually  richer  in  benzoline,  and  deposited  first 
viscid  masses  of  amorphous  alkaloid  and  subsequently  distinct  crystals. 
These  were  stirred  up  with  a  few  drops  of  alcohol,  well  drained,  and  slightly 
washed  with  alcohol  on  the  filter-pump,  and  the  nearly  pure  crystals  of 
cevadine  thus  obtained  purified  by  repeated  recrystallisation  from  hot  alcohol 
till  they  melted  at  205°.  On  treating  the  viscid  amorphous  alkaloid  with  a 
quantity  of  ether  insufficient  for  its  complete  solution,  cevadilline  remained 
behind,  while  on  again  treating  the  solution  with  benzoline  and  allowing  it 
to  evaporate  more  cevadine  crystallised  out.  The  resinoid  precipitate  which 
first  separated  was  dissolved  in  dilute  sulphuric  acid,  the  liquid  treated  with 
ammonia,  the  precipitate  drained  on  the  filter-pump,  and  partially  dried  by 
exposure  to  air.  On  stirring  up  the  nearly  dry  base  with  dilute  nitric  acid 
in  a  mortar,  a  sticky  mass  was  obtained,  which  was  only  partially  soluble  in 
water  even  on  boiling.  The  insoluble  portion  gradually  became  granular, 
and  was  filtered  off  and  purified  by  boiling  two  or  three  times  with  small 
quantities  of  water.  On  treating  this  product  with  sodium  carbonate  and 
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whereas  cevadine  yields  cevadic  acid  when  similarly  treated.  But 
the  nomenclature  is  liable  to  cause  great  confusion,  even  recent 
observers  (e.g,,  Ahrens,  Bosetti,  Merck)  retaining  the  name 
"  veratrine "  for  the  base  which  yields  cevadic  acid,  while  the 
pharmacopoeias  apply  the  term  "veratrine"  to  the  mixture  of 
alkaloids  obtained  from  cevadilla  seeds  (compare  page  56). 

Cevadine  crystallises  from  alcohol  in  anhydrous  needles,  but 
from  ether  it  separates  only  as  a  varnish,  which  becomes  crystalline 
on  moistening  with  slightly  diluted  alcohol  and  well  stirring.  The 
crystals  are  at  first  transparent,  but  on  exposure  to  air  become 
white  and  opaque,  without  material  loss  of  weight.  The  alkaloid 
melts  at  205°  to  206°,  or  at  a  somewhat  lower  temperature  if 
impure. 

Cevadine  dissolves  in  acetic  ether,  acetone,  chloroform,  amylic 
alcohol,  and  carbon  disulphide,  but  is  only  sparingly  soluble  in 
petroleum  spirit,  even  when  hot.  The  solutions  are  optically 
inactive. 

Cevadine  is  extremely  poisonous,  and  exerts  a  peculiarly  power- 
ful action  on  the  mucous  membrane  of  the  nose,  the  smallest 
particle  producing  violent  sneezing. 

Few  of  the  salts  of  cevadine  have  been  obtained  crystallised. 
On  adding  auric  chloride  to  a  solution  of  cevadine  in  hydrochloric 
acid,  the  aurichloride  is  thrown  down  as  a  very  sparingly  soluble 
yellow  precipitate,  which  is  amorphous  at  first,  but  soon  becomes 
crystalline.  When  drained  and  boiled  with  slightly  diluted 
alcohol  it  dissolves,  and  on  cooling  is  deposited  in  small,  well- 
defined  needles  containing  B,HAuCl4  +  2  aqua.  The  water  of 
crystallisation  is  lost  only  slowly  at  100°,  and  the  salt  melts  at 
182°.  Cevadine  picrate,  B,C6H3(N09)30,  forms  stable  crystals, 
which  are  very  slightly  soluble  in  water,  but  readily  in  alcohol, 
and  blacken  at  225°.  The  mercurichloride,  B,HHgCl3,  crystallises 
in  small  silvery  plates,  which  melt  at  172°  with  decomposition,  are 
readily  soluble  in  alcohol,  but  very  slightly  soluble  in  water.  The 
chloroplatinate  is  an  amorphous  precipitate,  soluble  in  alcohol,  but 
decomposed  by  water.  Alder  Wright  and  Luff  found  that 
when  cevadine  was  heated  to  100°  with  twice  its  weight  of  ben- 
ether,  evaporating  the  ethereal  liquid,  and  treating  the  alkaloidal  residue 
with  dilute  sulphuric  acid,  fine  crystals  of  "  veratrine  "  sulphate  resembling 
paper  pulp  formed  on  standing.  These  were  collected  and  drained  on  the 
filter-pump.  On  spontaneous  drying  by  exposure  to  air  these  became  a 
resinoid  mass  of  conchoidal  fracture,  but  on  dissolving  this  in  water  and 
allowing  the  solution  to  stand,  crystals  were  again  formed  from  which  pure 
"veratrine"  (veratridine)  was  obtained  by  treating  the  solution  with  sodium 
carbonate  and  extracting  with  ether. 
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zoic  anhydride  it  was  converted  into  mono-benzoyl-cevadine, 
C32H48(C7H50)N09.  From  the  formation  of  this  body,  the  im- 
possibility of  obtaining  a  more  highly  benzoylated  derivative,  and 
a  study  of  the  products  of  the  saponification  of  cevadine  by 
caustic  alkali,  Wright  and  Luff  deduced  the  following  constitu- 
tional formula  for  the  alkaloid  :  — 


C(CH3):CH.CH3. 

When  cevadine  is  boiled  with  concentrated  hydrochloric  acid  it 
yields  tiglic  acid,  C5H802,  and  a  lustrous  ruby-red  crystalline 
mass,  which  is  probably  the  hydrochloride  of  a  new  base.  On 
treatment  with  nitric  acid,  cevadine  is  wholly  oxidised;  with 
alkaline  potassium  permanganate  it  yields  acetic  and  oxalic  acids  ; 
and  with  chromic  acid,  acetaldehyde  and  carbon  dioxide. 

Saponiftcation  of  Cevadine.  —  When  cevadine  is  heated  in  sealed 
tubes  with  water  to  200°  it  undergoes  saponification.  The  change 
occurs  more  readily  when  the  alkaloid  is  boiled  with  alcoholic 
soda  or  baryta  water,  and  is  also  brought  about  by  cold  aqueous 
caustic  potash  or  soda,  and  even,  though  more  slowly,  by  cold 
dilute  ammonia.  The  first  reaction  appears  to  consist  in  the  forma- 
tion of  angelic  acid  and  a  new  base  called  cevine,  according  to 
the  equation  — 

C32H49N09+H20  =  C5H802+C27H43N08. 

The  angelic  acid  changes  with  great  facility  into  the  isomeric 
cevadic  or  tiglic  acid,  which  is  to  some  extent  split  up  into 
acetic  acid,  C2H402,  and  propionic  acid,  C3H602,  while  the 
cevine  undergoes  further  decomposition  with  the  formation  of  non- 
basic  resinous  products.  The  facility  with  which  cevadine  under- 
goes hydrolysis  is  the  cause  of  the  formation  of  much  amorphous 
alkaloid  and  other  products  in  the  extraction  of  the  alkaloids 
from  cevadilla  seeds. 

To  obtain  the  two  chief  products  of  the  saponification  of  ceva- 
dine, Wright  and  Luff  boiled  the  alkaloid  with  alcoholic  soda 
under  a  reflux  condenser.1  The  liquid  was  then  diluted  with 
water,  acidulated  with  dilute  sulphuric  acid,  and  distilled  as  long 
as  any  acid  passed  over.  The  distillate  was  neutralised  with 
soda,  evaporated  to  a  small  bulk,  treated  with  sulphuric  or  phos- 
phoric acid,  and  distilled.  The  distillate  consisted  partly  of  fluid 
acids,  readily  soluble  in  water,  and  partly  of  crystals  or  an  oil 

1  They  continued  the  treatment  for  many  hours,  but  this  is  manifestly 
undesirable,  and  half-an-hour's  boiling  with  normal  alcoholic  soda  is  amply 
sufficient  to  effect  complete  saponification. 
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becoming  crystalline  on  standing.  An  alternative  method  is  to 
acidulate  the  solution  of  the  sodium  salt  with  sulphuric  acid,  and 
agitate  with  ether.  On  distilling  the  separated  ethereal  layer 
after  the  ether  had  passed  over,  an  acid  liquid  began  to  distil  a 
little  above  100°,  the  temperature  quickly  rising  to  185°— 190°, 
when  a  fraction  was  obtained  which  solidified  on  cooling  to  a  mass 
of  crystals  wetted  by  an  acid  liquid.  On  pressing  this  product 
between  blotting-paper,  pearly  scales  of  cevadic  acid  were 
obtained,  melting  at  64°-65°. 

Tiglic  acid,  Cevadic  acid,  or  Methyl-crotonic  acid,  C5H802. — This 
acid  forms  triclinic  prisms  or  scales,  which  melt  at  64*5°,  though  a 
mixture  of  it  with  a  somewhat  greater  weight  of  its  isomeride, 
angelic  acid,1  is  liquid  at  the  ordinary  temperature.  Tiglic 
acid  has  an  aromatic  odour  somewhat  resembling  butyric  acid, 
but  more  pleasant,  and  boils  at  198'5°,  giving  off  a  vapour 
which  excites  violent  coughing.  When  fused  with  caustic 
potash,  it  yields  propionic  and  acetic  acids.  Calcium  tiglate, 
Ca(C5H702)2  +  3  aqua,  is  soluble  in  about  1 6  parts  of  cold  water, 
but  is  much  more  soluble  in  hot  water,  and  is  deposited  on  cooling 
in  white  plates. 

Cevine,  C27H43N08. — In  order  to  isolate  the  complementary 
alkaloidal  product  of  the  saponification  of  cevadine,  Wright  and 
Luff  filtered  the  acid  liquid  left  after  distilling  off  the  volatile 
acid,  to  separate  resinous  matter,  rendered  it  alkaline  with  caustic 
soda,  and  agitated  with  amylic  alcohol.  The  amylic  layer,  when 
separated,  filtered,  and  evaporated,  yielded  a  brownish  varnish, 
which,  on  solution  in  dilute  acetic  acid,  left  resinous  flakes.  The 
filtrate  from  these,  on  fractional  treatment  with  soda  and  amylic 
alcohol,  gave  an  amber-coloured  varnish  of  cevine,  perfectly 

1  ANGELIC  ACID,  or  PENTENOIC  ACID,  isomeric  with  tiglic  acid,  crystal- 
lises in  long  prisms,  having  an  aromatic  smell,  melting  at  44°-45°,  and 
boiling  at  185°.  When  boiled  for  some  time,  or  when  heated  to  100°  with 
sulphuric  acid,  it  is  converted  into  tiglic  acid.  Angelic  acid  is  but  slightly 
soluble  in  cold  water,  but  dissolves  readily  in  hot  water  and  alcohol,  and  is 
extracted  from  aqueous  liquids  by  agitation  with  ether.  When  fused  with 
caustic  potash,  angelic  acid  behaves  like  tiglic  acid.  Calcium  angelatc, 
Ca(C5H702).j  +  2  aqua,  is  much  more  soluble  in  cold  water  than  in  hot.  A 
cold  saturated  solution  contains  about  23  per  cent,  of  the  salt,  but  when 
heated  to  30°-40°  glistening  needles  separate  out,  and  at  about  70°  the 
whole  becomes  semi-solid.  If  air  has  been  excluded,  the  crystals  re-dissolve 
completely  on  cooling.  The  constitution  of  angelic  and  tiglic  acids  is 
probably  represented  by  the  following  formulae  : — 

CH2  :  C(CH3).CH2.COOH.  CH3.CH  :  C(CH3).COOH. 

Angelic  acid  Tiglic  acid. 
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soluble  in  acids.  When  heated  in  a  capillary  tube,  this  did  not  frit 
below  140°,  and  fused  at  145°.  It  dissolved  readily  in  alcohol 
and  amylic  alcohol,  sparingly  in  chloroform,  and  hardly  perceptibly 
in  ether.  Neither  free  cevine  nor  its  salts  were  obtained  crystal- 
lised. On  adding  Mayer's  reagent  to  a  solution  of  the  base  in 
acetic  acid,  nearly  insoluble  white  flakes  were  precipitated,  con- 
taining (after  drying  at  100°)  B,HHgI3.  The  aqueous  solution 
of  cevine  becomes  turbid  on  warming.  Cevine  does  not  attack 
the  mucous  membrane,  gives  a  crimson  colour  with  strong  sul- 
phuric acid,  and  yields  a  brown  colour  with  sulphuric  acid  and 
sugar. 

VERATRIDINE,  C37H53N011,1  occurs  in  sabadilla  seeds,  and 
possibly  in  minute  quantity  in  the  rhizomes  of  white  and 
green  hellebore.2  It  is  identical  with  Wright  and  Luff's 
"  veratrine." 

Veratridine  free  from  cevadine  has  never  been  obtained  crystal- 
lised. It  melts  in  a  capillary  tube  at  180°. 

On  triturating  solid  veratridine  with  dilute  nitric  acid  a  horny 
nitrate  is  formed,  which  is  almost  insoluble  in  water,  even  when 
boiling.  Dilute  sulphuric  acid  readily  dissolves  veratrine,  and,  on 
standing,  the  sulphate  crystallises  out  in  extremely  fine  needles, 
which,  on  drying,  unite  to  form  a  horny  translucent  mass,  repro- 
ducing crystals  when  dissolved  in  water  and  allowed  to  stand. 
The  hydrochloride  exhibits  a  similar  behaviour,  but  the  crystals 
are  not  so  well  marked  and  distinct.  The  auricliloride  is 
obtained  as  a  gelatinous  yellow  precipitate,  which,  when  dried 
over  sulphuric  acid,  becomes  a  translucent  horny  mass,  not 
crystallisable  from  alcohol. 

When  boiled  with  alcoholic  soda,  veratridine  undergoes  saponi- 
fication,  with  formation  of  veratric  or  dimethyl-procate- 
chuic  acid  and  verine,  according  to  the  equation: — 

C37H53NOii  +  H2°  =  C9H1004 + C28H45N08. 
The  acid  is  identical  with  that  obtained  by  the  saponification  of 
pseudaconitine  (Part  II.  p.  218).  The  basic  product  verine, 
or  veratroine,  presents  a  close  resemblance  to  cevine,  obtained 
in  a  similar  manner  from  cevadine.  The  only  recognisable  dis- 
tinctions observed  by  Wright  and  Luff  were  in  the  behaviour  on 
heating  and  the  elementary  composition.  Thus,  verine  fritted  in 
the  water-bath  or  in  a  capillary  tube  at  95°,  and  on  raising  the 
temperature,  gradually  became  a  thick  viscid  mass,  exhibiting 

1  The  preparation  of  pure  veratridine  is  described  in  a  footnote  on  page 
58. 

2  See  footnote  on  page  66. 
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no  definite  melting-point,  and  not  becoming  completely  fluid  till 
heated  to  about  1 30° ;  whilst  cevine  exhibited  no  sign  of  fritting 
below  140°,  and  completely  fused  at  1450.1 

Bosetti  (Arch.  Pkarm.,  [3],  xxi.  81)  attributes  to  veratridine 
the  formula  C32H49N09,  and  the  melting-point  150°-155°.  To 
the  basic  product  of  its  saponification  he  gives  the  formula 
C55H92N2°i6'  and  states  its  melting-point  at  143°-148°. 

SABADINE,  CggH^NOg,  has  been  recently  isolated  from  sabadilla 
seeds  by  E.  Merck  (Chem.  Zeit.  Rep.,  xv.  48;  Jour.  Soc. 
Chem.  Ind.j  x.  481).  It  is  deposited  by  the  slow  evaporation 
of  its  alcoholic  solution  in  well-defined  crystals,  which  melt 
with  decomposition  at  238°— 240°  C. ;  but  the  residue  obtained 
by  evaporating  the  ethereal  solution  has  no  definite  melting- 
point.  The  crystals  are  difficultly  soluble  in  water  and  ether, 
and  insoluble  in  petroleum-spirit.  With  strong  sulphuric  acid, 
sabadine  gives  a  yellowish  coloration  and  green  fluorescence,  the 
colour  subsequently  changing  to  blood-red,  and  finally  to  violet. 
Concentrated  nitric  acid  appears  to  produce  no  change.  B,HC1 
crystallises  with  2  aqua,  but  becomes  anhydrous  with  decom- 
position at  282°-  284°.  Sabadine  is  not  precipitated  on  adding 
caustic  alkalies,  alkaline  carbonates,  or  ammonia  to  cold  solutions 
of  its  salts,  but  is  separated  in  a  flocculent  form  on  warming  the 
liquid.  It  can  be  extracted  from  the  alkaline  liquid  by  agita- 
tion with  ether.  Sabadine  attacks  the  mucous  membrane  of  the 
nose  and  causes  sneezing,  but  in  a  less  marked  degree  than 
cevadine. 

SABADININE,  C27H45N08,  behaves  like  sabadine  with  alkalies. 
It  is  best  extracted  by  agitation  with  chloroform.  From  its 
ethereal  solution  it  separates  in  hair-like  needles,  which  commence 
to  melt  at  1 60°,  and  decompose  at  a  higher  temperature.  The  alka- 
loid is  moderately  soluble  in  water,  sparingly  in  ether,  but  readily 
in  alcohol.  Concentrated  sulphuric  acid  produces  a  permanent 
blood-red  coloration,  but  nitric  acid  causes  no  visible  change. 
BHC1  forms  crystals  which  contain  water,  and  are  readily  soluble. 
Sabadinine  does  not  occasion  sneezing. 

1  Wright  and  Luff,  to  whom  the  foregoing  observations  are  due, 
point  out  that  the  numbers  obtained  by  the  analysis  of  veratrine  are  not 
incompatible  with  other  formulae  differing  but  little  from  C^H^NOu,  which 
is  that  agreeing  best  with  their  results.  But  they  add  that  the  formula 
C^H^NOn  would  indicate  cevine  and  verine  as  being  identical,  and  cevadine 
and  veratridine  as  containing  a  common  radical  when  their  formulae  are  thus 
written : — 

Veratridine,  ( C^H^NO^O.  CO.  C6H3(0.  CH3)2. 

Cevadine, 
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Alkaloids  of  the  Hellebores.1 

The  rhizome  of  white  hellebore,  Veratrum  album,  was 
found  by  Pelletier  and  Caventou,  in  1820,  to  contain  an 
alkaloid  which  they  assumed  to  be  identical  with  that  obtained 
by  them  from  cevadilla  seeds,  and  named  veratrine.  In  1837,  E. 
Simon  confirmed  the  presence  of  veratrine  in  white  hellebore, 
and  discovered  a  second  alkaloid,  jervine,  readily  crystallisable, 
and  remarkable  for  the  insolubility  of  its  sulphate.  In  1842, 
"Weigand  confirmed  the  presence  of  jervine  and  veratrine  in  white 
hellebore.  Weppen  arrived  at  the  same  conclusion  in  1872. 
In  1872,  Peugnet  confirmed  Simon's  discovery  of  jervine,  but 
disputed  the  identity  of  the  second  alkaloid  with  the  veratrine  of 
sabadilla  seeds,  believing  it  to  be  identical  with  the  base  vera- 
tro'idine,  which  had  been  found  by  Bullock  in  green  hellebore. 
Mitchell,  in  1874,  claimed  that  this  amorphous  base  was 
neither  veratrine  nor  veratroidine,  and  called  it  veratralbine  ;  but, 
in  1876,  Wormley  obtained  from  both  white  and  green  helle- 
bore a  base  which  agreed  in  all  its  reactions  with  the  so-called 
veratrine  (cevadine)  of  sabadilla.  In  1877,  white  hellebore  was 
again  investigated  by  T  obi  en,  who  found  jervine,  to  which  he 
ascribed  the  formula  C27H47N208,  and  an  amorphous  base,  veratroi- 
dine, C24H37N07.  In.  1879  (Jour.  Cliem.  Soc.,  xxxv.  405),  Alder 
Wright  and  Luff,  as  the  result  of  an  able  investigation, 
announced  the  root  of  white  hellebore  to  contain  the  crystallisable 
alkaloids  jervine,  C26H37lsr03 ;  pseudojervine,  C29H43N07 ;  rubijervine, 
C26H43N02;  an  amorphous  alkaloid  "veratralbine"  having  a  com- 
position approximating  to  the  formula  C26H43N05  ;  and  a  minute 
quantity  of  "veratrine"  (veratridine)  C37H53IST011,  to  the  presence 
of  which  last  they  attributed  the  sternutatory  properties  of  the 
root.  In  1890,  C.  Pehkschen  (Pharm.  Zeit.  Buss.,  xxix.  339  ; 
Jour.  Chem.  Soc.,  Ix.  87)  isolated  from  the  rhizome  of  white  helle- 
bore the  alkaloids  veratroidine,  C32H53N09  ;  jervine,  to  which  he 
attributed  the  formula  C14H22lSr02 ;  and  pseudojervine,  C29H49N"012. 
The  alkaloids  of  Veratrum  album  have  recently  been  reinvestigated 
(1885  to  1890)  by  G.  Salzberger  (Arch.  Pharm.,  ccxxviii.  462; 
abst.  Pharm.  Jour.,  [3],  xxi.  745,  899),  on  very  large  amounts  of 
material.  He  confirms  Wright  and  Luff's  descriptions  of 
jervine,  pseudojervine,  and  rubijervine,  but  doubts  the  existence  of 
veratralbine  as  a  chemical  individual.  He  further  isolated  two 
new  crystallisable  alkaloids,  protoveratrine,  C32H51N011,  and  proto- 
veratridine,  C26H45N08,  besides  a  small  quantity  of  an  unnamed 
crystallisable  base  containing  C26H45N010.  Salzberger  points 

1  See  footnote  on  page  54. 
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out  that  jervine  has  only  a  slight  toxic  action,  and  pseudojervine  is 
absolutely  inactive.  He  attributes  the  sternutatory  property  of 
Veratrum  album  to  protoveratrine,  which  is  intensely  poisonous, 
and  excites  most  violent  sneezing  ;  while  protoveratridine,  on  the 
other  hand,  is  very  bitter,  but  not  poisonous,  and  is  probably  a 
decomposition-product  of  protoveratrine. 

Green  or  American  Hellebore,  Veratrum  viride,  famil- 
iarly known  as  "  Indian  Poke,"  contains  in  the  main  the  same 
alkaloids  as  Veratrum  album.  In  1838,  H.  Worthing  ton 
announced  it  to  contain  "  an  alkaloid  substance  identical  with  vera- 
tritte."  In  1857,  J.  G.  Richardson  concluded  that  "not  only 
in  its  physical  characters,  but  also  in  its  chemical  actions,  the 
alkaloid  of  Veratrum  viride  is  identical  with  veratrine  of  V.  saba- 
dilla"  In  1862,  J.  G.  Scattergood  announced  the  presence 
of  a  second  alkaloid,  insoluble  in  ether,  and  a  resinous  substance 
to  which  the  sedative  action  of  the  drug  was  mainly  attributable. 
In  1864,  S.  R.  Percy  extracted  from  green  hellebore  an  alkaloid 
which  he  concluded  had  all  the  properties  of  veratrine  from  saba- 
dilla  seeds.  On  the  other  hand,  in  1865,  C.  Bullock  claimed 
that  the  alkaloid  of  green  hellebore  was  not  identical  with  vera- 
trine, as  it  did  not  respond  to  the  colour-reactions  for  that  alkaloid ; 
that  the  resin  of  Scattergood  owed  its  activity  to  the  presence  of 
another  alkaloid ;  and  that  these  two  principles  exhibited  the 
same  reactions  with  mineral  acids  and  with  other  reagents,  but 
differed  in  their  fusing-points  and  in  their  behaviour  to  ether,  in 
which  one  was  soluble  and  the  other  insoluble.  For  these  two 
alkaloids  of  green  hellebore,  G.  B.  Wood  proposed  the  names 
veratro'idine  and  viridine.  In  1872,  Peugnet  also  concluded 
that  the  former  of  these  bases  was  distinct  from  veratrine,  as  it 
did  not  respond  to  the  sulphuric  acid  test  for  that  substance, 
though  it  did  to  Trapp's  test  with  hydrochloric  acid,  and  he  pointed 
out  Bullock's  viridine  was  identical  with  Simon's  jervine  from 
Veratrum  album.  This  was  independently  proved  by  C.  L. 
Mitchell  in  1874,  who  prepared  jervine  from  green  hellebore, 
fully  described  its  properties  and  reactions,  and  stated  that  it  was 
not  contained  in  cevadilla  seeds.  He  also  obtained  a  base  soluble 
in  ether,  which  he  concluded  was  distinct  from  veratrine,  as  it  did 
not  behave  like  that  base  with  the  mineral  acids.  In  1876,  T.  G. 
Wormley  also  prepared  jervine  from  the  roots  of  green  and 
white  hellebore,  and  concluded  that  both  roots  contained  an  alkaloid 
which,  when  pure,  fully  responded  to  all  the  reactions  of  veratrine. 
In  the  same  year,  C.  Bullock  concluded  that  jervine  was  the 
only  alkaloid  in  the  root  of  green  hellebore,  and  that  the  so-called 
veratroidine  (or,  according  to  Wormley,  veratrine)  was  a  mixture  of 
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jervine  with  a  light  coloured  resin,  the  presence  of  which  ren- 
dered the  alkaloid  more  or  less  soluble  in  ether.  The  reaction  of 
the  alkaloid  with  sulphuric  acid,  regarded  by  Wormley  and  others 
as  due  to  veratrine,  he  attributed  to  a  resin  soluble  in  ether,  which 
adhered  to  the  alkaloid  with  great  persistency.  Bullock  also 
examined  some  of  the  products  obtained  by  Scattergood  in  1862, 
and  considered  the  preparations  labelled  "  veratrine  "  to  consist  of 
jervine  mixed  with  the  peculiar  resin  which  produced  a  mahogany- 
red  coloration  with  sulphuric  acid,  and  he  regarded  veratroidine 
as  of  similar  composition.  These  very  contradictory  observations 
were  reviewed  by  Alder  Wright  and  Luff,  who,  in  1879  (Jour. 
Chem.  Soc.,  xxxv.  421),  reinvestigated  the  subject,  and,  by  means 
of  improved  methods,  found  the  rhizome  of  Veratrum  viride  to 
contain  the  same  five  alkaloids  they  had  isolated  from  white  helle- 
bore, and,  in  addition,  a  base  they  called  cevadine,  identical  with 
Merck's  veratrine  from  cevadilla  seeds. 

The  proportions  of  the  different  alkaloids  isolated  by  Wright 
and  Luff  from  1000  parts  of  the  roots  of  white  and  green  helle- 
bore were  as  follow  : — 


Alkaloid. 

Formula. 

Veratrum  album. 

Veratrum  viride. 

Jervine,      .    .    . 

C26H27N03 

1-3 

0-20 

Pseudojervine,    . 

CogH^NO;- 

0-4 

015 

Rubijervine,  .    . 

CssjttisNOa 

0-25 

0-02 

Veratralbine,  .     . 

CagH^NOg 

2-2 

traces 

Veratridine  i  .    . 
("  Veratriue  "), 
Cevadine,   .    .    . 

CsrHgsXOn 

CsaH^NOg 

0-05 
apparently  absent 

less  than  -004 
0-43 

4-20 

0-80 

The  proportion  of  total  alkaloids  obtained  by  Wright  and  Luff 
from  green  hellebore  (  =  0*08  per  cent.)  is  very  much  lower  than 
that  isolated  by  other  observers.  Thus  C.  L.  Mitchell  found 
in  three  specimens  0'49,  0*61,  and  0*69  per  cent.,  of  which  0'23, 
0'26,  and  0'29  consisted  of  jervine.  Bullock  obtained  0'66  per 
cent.,  while  Farr  and  E.  Wright  have  recently  recorded  from 
0'16  to  1'20  per  cent.,  with  an  average  of  0*73,  of  which  0*22 
was  jervine. 

The  following  table  shows  the  formulae  and  leading  properties 
of  the  characteristic  alkaloids  of  the  hellebores,  according  to  the 
descriptions  of  Alder  Wright  and  Luff  and  of  G.  Salzberger,  and,  for 
veratralbine,  of  C.  Pehkschen  : — 

1  See  footnote  on  page  68. 
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Jervine. 

Rubi- 
jervine. 

Pseudo- 
jervine. 

Proto- 
veratrine. 

Proto- 
veratridine 

Veratral- 
bine 
(Veratroi- 
dine). 

Formula, 

CaoHffNOs- 

C26H43NC-2. 

CtaH^NOr. 

C32H51NOn 

CajHuNQ* 

C28H43NC-5 

Crystalline  form. 

Satiny 
prismatic 

Long  prisms 
resembling 

Thin  hexa- 
gonal tables 

Rectangulai 
or  hexa- 

Quadrilat- 
eral plates. 

Amorphous. 

crystals. 

jervine. 

or  prisms 

gonal  plates 

resembling 

or  shining 

jervine. 

prisms. 

Physiological  action. 

Moderately 
poisonous. 

Inactive. 

Inactive. 

Very 
poisonous  ; 

Bitter  ;  not 
poisonous. 

... 

violent 

sneezing. 

Melting-point  ;  °  C. 

237-242. 

240-246. 

299-307. 

245-250. 

265. 

149. 

Solubility  :— 

Alcohol. 

Soluble. 

Sparingly. 

Sparingly. 

Sparingly. 

Very 

Very 

sparingly. 

soluble. 

Ether. 

Sparingly 

Very 

Insoluble. 

Very 

Insol. 

Readily  sol. 

sol. 

sparingly. 

sparingly. 

Chloroform. 

Soluble. 

Soluble. 

Soluble. 

Sparingly. 

Very 

Readily  sol. 

sparingly. 

Petroleum  spirit. 

Almost 

Very 

Very 

Insol. 

... 

Benzene. 

insol. 
Almost 

slightly. 
Soluble. 

slightly. 
Sparingly. 

Insol. 

Insol. 

Readily  sol. 

insol. 

Reaction  to  litmus, 

Alkaline. 

Alkaline. 

Alkaline. 

Alkaline. 

... 

... 

Salts  :- 

Sulphate. 

Crystalline; 

... 

Crystalline. 

... 

Amorphous. 

nearly  insol 

Readily  sol 

Nitrate. 

Crystalline; 

... 

... 

... 

Amorphous. 

nearly  insol 

Hydrochloride. 

Crystalline; 

... 

Very  spar- 

... 

Amorphous. 

very  spar- 

ingly sol. 

ingly  sol. 

Precipitant*  :— 

Auric  chloride. 

Ppte.; 

Ppte. 

Flocculent 

Amorphous 

... 

crystalline. 

ppte. 

golden-yel- 

low ppte. 

Platinic  chloride, 

Granular 

No  reaction. 

No  reaction. 

No  reaction 

No  reaction 

ppte.    Pale 

orange-red. 

Ammonia. 

Fine  needles 

Gelatinous 

Cheesy  ppte. 

On  warm- 

Cryst. ppte 

... 

insol.  in 

ppte. 

ing,  cryst. 

excess. 

ppte. 

Potassio-cadmium 

Ppte. 

Ppte. 

Ppte. 

Ppte. 

No  reaction 

iodide. 

Mayer's  solution. 

Ppte. 

Ppte. 

Ppte. 

Ppte. 

Ppte. 

Ppte.  if  not 

too  dilute. 

Phosphotungstic 

Ppte. 

Ppte. 

Ppte. 

Ppte. 

Ppte. 

... 

acid. 

Picric  acid. 
Tannin. 

Ppte. 
Turbidity. 

Ppte. 
$o  reaction. 

Ppte. 
Ppte. 

Ppte. 
No  reaction. 

Ppte. 
Ppte. 

... 

Colour  Reactions  :  — 

Strong        sulphuric 
acid. 

Yellow 
brownish- 
yellow, 
bright 

Yellow; 
then  orange 
and  dark 
red. 

Yellow  ; 

then  bright 
green. 

Greenish, 
blue,  and 
finally 
violet. 

Violet, 
changing 
to  cherry  - 
red. 

Yellow, 
;hen  orange- 
rtd  and 
blood-red, 

green. 

with  green 
fluores- 

cence. 

Sulphuric  acid  and 

Violet, 

... 

... 

Green,  olive- 

... 

Brown. 

sugar. 

then  blue. 

green,  dark 
brown. 

Hydrochloric      acid 

No  color- 

Cherry-red 

Bright  red 

Rose  colour. 

(on  warming). 

ation. 

and  odour 
of  isobuty- 

and  odour 
of  isobuty- 

ric  acid. 

ric  acid. 

Nitric  acid. 

... 

... 

... 

lose,  quick- 

y  changing 

to  pale 
yellow. 

68  GLUCOSIDES  OF   HELLEBOKE. 

No  examination  of  the  rhizome  of  Veratrum  viride  on  the  lines 
of  Salzberger's  investigation  of  V.  album  appears  to  have  been 
made.1  Dragendorff  has  found  jervine  in  Veratrum  nigrum, 
and  Tobein  (1877)  obtained  jervine  and  "  veratro'idine  "  from 
the  young  leaves  of  Veratrum  lobelianum? 

For  the  extraction  of  the  total  alkaloids  from  the  rhizome  of 
Veratrum  viride,  Far r  and  Wright  (Chemist  fy  Druggist,  Oct. 
29th,  1892)  recommend  the  exhaustion  of  the  drug  with  alcohol 
of  60-70  per  cent.  Of  the  tincture  obtained,  which,  if  made  of 
B.P.  strength,  with  4  oz.  of  root  to  the  pint  of  spirit,  contains  on 
the  average  0'143  gramme  of  total  alkaloid  per  100  c.c.,  50  c.c.  is 
evaporated  in  porcelain  at  100°,  with  addition  of  water,  till  the 
alcohol  is  driven  off.  The  residual  liquid  is  slightly  acidulated 
with  hydrochloric  acid,  and  filtered  through  cotton-wool  from  the 
precipitated  resin  into  a  glass  separator.  The  separated  resinous 
matter  is  found  to  retain  alkaloid,  and  is  therefore  redissolved  in 
a  little  rectified  spirit,  the  solution  diluted  with  acidulated  water, 
the  alcohol  evaporated,  and  the  liquid  filtered  into  the  separator. 
The  mixed  filtrates  are  rendered  distinctly  alkaline  with  ammonia, 
and  the  alkaloid  extracted  by  agitation  with  chloroform,  using 
first  10  c.c.,  and  then  two  successive  quantities  of  5  c.c.  The 

1  Veratrum  viride  and  V.  album  are  commonly  called  green  and  white 
hellebore.      They  belong  to  the  Melanthacece,  and  contain  jervine  and 
other  well-defined  basic  principles.    On  the  other  hand,  Hdleborus fcetidus  and 
H.  niger,  the  black  hellebore  or  Christmas  rose,  belong  to  the  Ranun- 
culacece,  and  contain  the  poisonous  glucosides  helleborin  and  helleborein. 

HELLEBORIN,  C^H^O,,,  forms  white  glittering  needles,  which,  if  placed 
on  the  tongue,  are  almost  tasteless,  but  if  dissolved  in  alcohol  and  then  tasted 
produce  a  burning  numbing  sensation.  Strong  sulphuric  acid  dissolves  helle- 
borin with  intense  red  coloration,  which  gradually  disappears,  a  white  powder 
separating.  By  hydrolysis,  helleborin  is  split  into  glucose  and  h  e  1 1  e- 
b  o  r  e  s  i  n.  Helleborin  may  be  extracted  from  hellebore  root  by  alcohol,  and 
exhibits  toxic  properties  similar  to  those  of  digitalis. 

HELLEBOREIN.  C^H^Ojg,  forms  fine  hygroscopic  needles,  which  are  bitter  and 
excite  sneezing.  They  are  soluble  in  water  and  dilute  alcohol,  but  not  in  ether. 
Strong  sulphuric  acid  colours  helleborei'n  golden-yellow,  changing  to  reddish- 
brown.  On  hydrolysis,  helleborein  splits  into  glucose  and  helleboretin, 
a  body  which  when  moist  is  violet-blue,  but  on  drying  becomes  dirty  green. 
/  Helleborein  is  present  in  the  seeds  and  leaves  of  hellebore,  but  not  in  the  root. 

2  Rob  bins  (Proc.   Amcr.   Pharm.   Assoc.,   1877,  pp.  439,  523)  isolated 
from  green  hellebore  a  crystallised  alkaloid  which  he  called  veratridine. 
It  possessed  a  physiological  action  similar  to  that  of  veratrine  (cevadine  ?) 
though  in  a  less  degree.    Its  solution  in  concentrated  sulphuric  acid  is  at  first 
yellow,  changing  quickly  to  a  pink-red,  and  after  standing  for  some  hours 
assumed  a  clear  indigo-blue  colour,  very  similar  to  that  described  by  Weppen 
as  yielded  by  veratrine  (cevadine  ?)  if  mixed  with  sugar. 
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chloroform  is  separated  and  agitated  with  successive  small  quan- 
tities of  1  per  cent,  hydrochloric  acid.  The  acid  liquid  separated 
from  the  chloroform  is  again  made  alkaline  with  ammonia,  and 
the  alkaloid  shaken  out  with  15  c.c.  of  chloroform  used  in  three 
portions.  On  evaporating  the  separated  chloroform  and  drying 
the  residue  at  100°,  the  veratrum  alkaloids  are  obtained  in  a 
semicrystalline  condition,  usually  entirely  soluble  in  2  per  cent, 
acetic  acid,  but  occasionally  yielding  a  slightly  turbid  and  coloured 
solution,  owing  to  the  presence  of  resinous  matter.1 

To  estimate  the  jervine  and  distinguish  it  from  the  accompany- 
ing alkaloids  obtained  in  the  foregoing  process,  Farr  and  Wright 
proceed  as  follows  : — The  alkaloidal  residue  is  dissolved  in  2  per 
cent,  acetic  acid,  and  filtered,  if  turbid.  A  measured  quantity  of 
the  solution  is  then  treated  with  a  few  grains  of  potassium  nitrate, 
shaken,  and  allowed  to  stand  for  some  time.  The  clear  liquid  is 
then  removed  with  a  pipette,  the  crystals  washed  with  a  little 
water,  and  the  latter  drawn  off  when  clear.  The  mixed  liquids 
are  measured,  made  alkaline  with  ammonia,  and  agitated  with 
chloroform,  which  is  separated,  evaporated,  and  the  residual 
alkaloid  dried  and  weighed.  From  the  weight  obtained,  a  deduc- 
tion is  made  of  0'005  gramme  for  every  6  c.c.  of  liquid,  as  a 
correction  for  the  solubility  of  the  jervine  nitrate,  and  this 
correction  is  added  to  the  weight  of  jervine  obtained  by  treating 
the  precipitated  nitrate  with  ammoniated  water  and  chloroform, 
and  separating  and  evaporating  the  latter. 

1  "The  process  presents  no  great  difficulty  in  working,  but  great  care  is 
needed  in  order  to  secure  perfect  extraction  of  the  alkaloids  from  the  chloro- 
formic  solution  by  means  of  acidulated  water.  This  appears  to  arise  from  the 
tenacity  with  which  the  resinous  matter  present  adheres  to  the  alkaloid,  but 
may  also  be  due  in  part  to  the  sparing  solubility  of  the  alkaloidal  salts  pro- 
duced. In  some  instances  it  was  found  necessary  to  employ  fourteen  or 
fifteen  successive  portions  of  acidulated  water  for  the  shaking-out  process 
before  it  came  away  free  from  alkaloid  ;  it  is  therefore  very  important  that 
the  process  should  be  repeated  until  the  final  washings  give  no  reaction  with 
Mayer's  reagent.  The  process  may  be  considerably  shortened  by  taking  the 
first  chloroformic  alkaloidal  solution,  adding  1  c.c,  normal  HC1  and  10  c.c. 
water,  evaporating  over  a  water-bath  with  constant  stirring  until  all 
chloroform  has  been  removed  ;  filtering  from  particles  of  resinous  matter, 
washing  the  latter  with  acidulated  water  until  the  washings  come  away 
free  from  alkaloid  ;  mixing  the  liquids,  making  the  solution  alkaline  with 
ammonia,  shaking  out  the  alkaloids  with  15  c.c.  chloroform  added  in  three 
portions,  drawing  off  the  latter  into  a  dish,  and  evaporating,  drying,  and 
weighing.  This  modification  gives  slightly  higher  results,  but  the  final 
residue  is  more  highly  coloured  than  that  obtained  by  the  original  process." 
— F  a  r  r  and  Wright. 
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JERVINE,  CggH^NOg,1  is  the  principal  crystalline  alkaloid  of 
Veratrum  album,  in  which  Alder  Wright  and  Luff  found 
1'3  per  cent.  It  is  also  present  in  the  rhizome  and  other  parts  of 
American  or  green  hellebore,  Veratrum  viride,  and  accord- 
ing to  Tobien,  exists  in  V.  lobelianum  (see  footnote,  page  68). 

The  method  of  isolating  jervine  from  white  hellebore  root 
has  already  been  described. 

Jervine  crystallises  from  its  solution  in  boiling  alcohol  in 
beautiful  satiny  prismatic  needles,  generally  arranged  in  tufts, 
bundles,  and  stellar  groups,  having  a  characteristic  microscopic 
•appearance.  The  solutions  of  jervine  are  slightly  Isevo-rotatory. 

Jervine  melts  at  237°— 239°,  according  to  Wright  and  Luff; 
at  237-7°,  according  to  Pehkschen;  and  at  238°-242°,  accord- 
ing to  Salzberger.  It  is  almost  insoluble  in  water,  acetic  ether, 
benzene  (1  :  1658),  and  carbon  disulphide,  and  wholly  insoluble 
in  petroleum-ether.  It  is  fairly  soluble  in  acetone  and  amylic 
alcohol.  At  25°  C.  it  dissolves  in  17  parts  of  absolute  alcohol, 
and  in  60  of  chloroform.  On  spontaneous  evaporation  of  its 
chloroformic  solution,  jervine  is  usually  obtained  as  a  transparent 
vitreous  mass,  which  immediately  crystallises  if  touched  with  a 
drop  of  alcohol.  Crystallised  jervine  requires  268  parts  of  ether 
for  solution,  but  its  solubility  is  greatly  increased  by  the  presence 
of  amorphous  alkaloids  (e.g.,  veratralbine),  and  it  is  readily  extracted 
by  ether  from  alkaline  aqueous  liquids. 

Jervine  is  not  affected  by  prolonged  boiling  with  alcoholic 
potash.  It  does  not  produce  sneezing,  and  is  only  moderately  toxic. 

Jervine  is  a  well-defined  base,  having  an  alkaline  reaction  to 
litmus.  It  forms  readily  crystallisable  salts  with  acids.  The 
acetate  and  phosphate  are  readily  soluble  in  water,  but  the  hydro- 
chloride,  nitrate,  and  sulphate  dissolve  very  sparingly,  and  are 
still  less  soluble  in  presence  of  the  corresponding  free  acids,  and 
hence  may  be  precipitated  thereby  from  their  aqueous  solutions. 
They  may  also  be  obtained  by  precipitating  a  solution  of  jervine 

1  The  formula  of  jervine  is  differently  given  as  follows,  and  it  is  not  certain 
that  the  so-called  jervine  has  always  been  the  same  substance  : — 

From  Veratrum  album,  C30H46N"203  (probably  contained  pseudo- 
jervine).  Will,  Ann.  Chem.  Pharm.,  xxxv.  116. 

From  V.  lobclianum,  C27H47N208.  Tobien ( 1877 ),  Pharm.  Jour.,  [3],  viii.  808. 

From  V.  album  and  V.  viride,  C^H^NO^  +  2H20.  Alder  Wright  and  Luff 
(1879),  Jour.  Chem.  Soc.,  xxxv.  405. 

From  V.  album,  C^H^NC^.     Pehkschen  (1891),  Jour.  Chem.  Soc.,  Ix.  87. 

The  formula  of  Wright  and  Luff  has  been  fully  confirmed  by  G. 
Salzberger  (Arch.  Pharm.,  ccxxviii.  462  ;  abst.  Pharm.  Jour.,  [3],  xxi. 
901),  and  no  doubt  represents  the  true  composition  of  jervine. 
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acetate  or  phosphate  with  chloride,  sulphate,  or  nitrate  of  alkali- 
metal.  The  precipitates  rapidly  assume  a  crystalline  structure. 

Jervine  sulphate,  B2,H2S04,  is  readily  obtained  by  treating  a 
solution  of  jervine  acetate  with  excess  of  dilute  sulphuric  acid, 
or  by  treating  free  jervine  with  the  dilute  acid  (1:5).  In  the 
first  case  it  is  obtained  as  an  immediate  precipitate,  which  rapidly 
becomes  crystalline.  In  the  latter  case,  the  alkaloid  does  not 
dissolve,  but  is  converted  into  an  indistinctly  crystalline,  gela- 
tinous magma,  almost  insoluble,  even  after  washing,  either  in  cold 
or  boiling  water.  This  property  was  utilised  by  Wright  and 
Luff  to  separate  admixed  rubijervine,  which  resembles 
jervine  in  being,  in  presence  of  amorphous  bases,  somewhat 
soluble  in  ether,  while  pseudo jervine  is  much  less  soluble 
under  such  circumstances.1 

When  treated  with  concentrated  sulphuric  acid,  solid  jervine 
dissolves  with  yellow  coloration,  which  changes  in  succession  to 
dark  yellow,  brownish-yellow,  and  greenish-brown.  After  stand- 
ing some  time,  the  mixture  assumes  a  bright  green  colour,  which 
ultimately  disappears,  and  dirty  white  or  brownish  flakes  sepa- 
rate, which  may  become  granular  or  crystalline.  The  green 
shades  of  colour  are  due  to  absorption  of  moisture,  and  hence, 
when  the  test  is  made  in  porcelain,  the  colour  is  first  observable 
at  the  edges,  and  finally  extends  to  the  whole  liquid,  which 
becomes  a  dark  green.  When  a  test-tube  is  employed,  the  green 
colour  is  not  developed  for  some  hours,  but  may  be  immediately 

1  RUBIJERVINE,  C^H^NO^,  is  deposited  from  alcoholic  solution  in  anhydrous 
crystals,  which  melt  when  pure  at  236°.  It  is  readily  dissolved  by  dilute 
hydrochloric  acid,  but  on  adding  strong  hydrochloric  acid  to  the  solution, 
the  hydrochloride  separates  as  a  crystalline  magma  readily  soluble  in  water. 
The  sulphate  is  readily  soluble  in  hot  water,  or  in  cold  water  containing  free 
sulphuric  acid,  but  less  readily  in  cold  water  free  from  acid.  Rubijervine 
dissolves  in  concentrated  sulphuric  acid  to  a  clear  yellow  liquid,  becoming 
successively  dark  yellow,  brownish-yellow,  and  brownish  blood-red,  changing 
after  several  hours  to  a  brownish-purple.  On  slightly  diluting  the  brownish 
blood-red  liquid  with  water,  it  becomes  successively  crimson,  purple,  dark 
lavender,  dark  violet,  and  ultimately  light  indigo.  Other  characters  and 
reactions  of  rubijervine  are  given  on  page  67. 

PSEUDOJERVINE,  C29H43N07,  forms  crystals  much  resembling  jervine,  but 
anhydrous,  and  melting  at  a  considerably  higher  temperature  (299°  C.). 
The  mlphate  is  only  sparingly  soluble  in  cold  water,  but  readily  in  hot  water, 
while  the  hydrochloride,  B,HC1,  2  aqua,  is  only  sparingly  soluble  in  ether, 
or  cold  or  hot  water,  but  is  much  more  readily  dissolved  by  water  slightly 
acidulated  with  hydrochloric  acid.  Exactly  the  reverse  is  the  case  with 
jervine  and  rubijervine  hydrochlorides.  With  strong  sulphuric  acid,  pseudo- 
jervine  behaves  in  exactly  the  same  manner  as  jervine. 
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produced  from  the  liquid  at  its  greenish-brown  stage  by  slightly 
diluting  with  water,  the  tint  becoming  successively  olive-green, 
dark  chrome-green,  and  dark  emerald,  as  more  water  is  added. 
With  a  further  quantity  of  water  the  tint  becomes  lighter,  until 
finally  a  nearly  colourless  liquid  results,  with  a  few  brownish 
flakes  suspended  therein.  This  colour-reaction  is  peculiar  to 
jervine  and  pseudojervine.  The  other  alkaloids  of  hellebore 
dissolve  in  cold  concentrated  sulphuric  acid  with  yellow  colour, 
rapidly  becoming  brown-yellow,  brown,  reddish-brown,  and  finally 
more  or  less  red  in  tint ;  in  this  respect  presenting  some  resem- 
blance to  the  behaviour  of  veratridine  and  cevadine  (page  56). 

Sulphuric  acid  reacts  with  the  sulphate,  hydrochloride,  and 
acetate  of  jervine  in  the  same  manner  as  with  the  free  alkaloid, 
but  it  dissolves  the  nitrate  with  orange-red  colour,  which  is  per- 
manent for  several  hours. 

With  Frohde's  reagent,  jervine  gives  a  green  coloration  similar 
to  that  produced  by  sulphuric  acid  alone. 

With  sulphuric  acid  and  sugar  (compare  Part  ii.  page  315), 
jervine  gives  a  violet  coloration,  changing  to  blue ;  a  reaction  said 
by  Pehkschen  to  distinguish  it  from  veratroidine  (veratralbine), 
which  gives  a  brown  coloration  when  similarly  treated. 

Nitric  acid  dissolves  jervine  with  pinkish  coloration  to  a  nearly 
colourless  liquid,  which  often  deposits  crystals  of  the  nitrate. 

Strong  hydrochloric  acid  gives  no  coloration  with  jervine,  but 
immediately  converts  it  into  a  more  or  less  crystalline  hydro- 
chloride,  which  is  insoluble  in  the  acid. 

VERATRALBINE  or  VERATROIDINE  is  the  principal  amorphous  alka- 
loid of  white  hellebore  root.  According  to  Alder  Wright  and 
Luff,  the  composition  approximates  to  the  formula  C28H43N05, 
while  according  to  C.  Pehkschen  it  contains  C32H53N09,  who 
states  that  it  melts  at  about  149°  and  chars  at  172°,  is  optically 
inactive,  and  dissolves  in  alcohol  in  almost  all  proportions.  It 
dissolves  in  9  parts  of  ether,  6  of  chloroform,  or  1 3  of  benzene. 
The  hydrochloride,  hydrobromide,  sulphate,  nitrate,  oxalate,  and 
acetate  are  amorphous.  Veratroidine  gives  precipitates  with 
most  of  the  general  reagents  for  alkaloids.  With  concentrated 
sulphuric  acid,  veratroidine  gives  a  yellow  coloration  which 
changes  to  orange-red  and  blood-red,  with  a  strong  green  fluorescence, 
while  concentrated  nitric  acid  produces  a  transient  rose  colour, 
which  soon  changes  to  citron-yellow.  Hydrochloric  acid  (11  per 
cent,  is  the  preferable  strength)  gives  a  beautiful  rose  coloration, 
which  distinguishes  the  base  from  veratridine. 

With  sulphuric  acid  and  sugar  veratralbine  gives  a  brown 
coloration. 
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The  colour-reactions  of  veratralbine  are  closely  akin  to  those 
developed  by  cevadine,  and  far  more  resemble  those  produced  by 
rubijervine  than  the  reactions  yielded  by  jervine  or  pseudojervine. 
Veratralbine  does  not  cause  sneezing,  and  is  unchanged  by  pro- 
longed treatment  with  boiling  alcoholic  potash. 

PROTOVERATRINE,  C32H51NOn,  is  described  by  Salzberger 
(Arch.  Pharm.,  ccxxviii.  230)  as  crystallising  from  dilute  solu- 
tions in  microscopic,  quadrilateral  plates,  which  melt  with  charring 
at  245°- 2 50°.  It  is  insoluble  in  water,  benzene,  and  petroleum 
spirit,  but  sparingly  soluble  in  chloroform  and  boiling  alcohol. 
Cold  ether  scarcely  touches  it,  but  when  boiling  takes  up  a  little 
more.  It  is  soluble  in  dilute  acids,  with  the  exception  of  acetic 
acid.  Concentrated  sulphuric  acid  dissolves  protoveratrine  slowly 
with  green  coloration,  which  passes  to  cornflower-blue,  and  in  some 
hours  to  violet.  When  warmed  with  sulphuric  acid,  the  colora- 
tion is  first  light  and  then  dark  cherry-red,  while  an  odour  of 
isobutyric  acid  is  evolved.  Concentrated  hydrochloric  and  phos- 
phoric acids  produce  the  same  reaction.  With  sulphuric  acid  and 
'sugar,  protoveratrine  gives  an  olive-green  coloration,  becoming 
dirty  green,  and  finally  dark  brown.  Solutions  of  salts  of  proto- 
veratrine are  precipitated  by  ammonia,  Nessler's  solution,  Mayer's 
reagent,  potassio-cadmium  iodide,  phosphotungstic  acid,  and 
picric  acid ;  but  not  by  tannin,  platinic  chloride,  nor  mercuric 
chloride.  B,HAuCl4  is  a  golden  yellow,  amorphous  precipitate. 
Protoveratrine  is  exceedingly  poisonous.  A  minute  amount  applied 
to  the  nose  causes  violent  sneezing.  The  behaviour  of  proto- 
veratrine with  saponifying  agents  has  not  been  recorded,  but  the 
large  percentage  of  oxygen,  and  the  fact  that  protoveratridine, 
C98H45N08,  appears  to  be  a  decomposition-product,  renders  it 
highly  probable  that  it  can  be  hydrolysed. 

It  is  probable  that  protoveratrine  is  the  sole  sternutatory  alka- 
loid of  Veratrum  album,  as  veratridine  was  not  actually  isolated 
therefrom  by  Wright  and  Luff,  but  its  existence  inferred  from 
the  formation  of  veratric  acid. 

Protoveratrine  can  be  readily  extracted  from  white  hellebore 
by  cold  water,  but  to  obtain  the  crystalline  base  the  rhizome 
should  be  freed  from  fatty  and  resinous  matters  by  treatment 
with  ether,  and  then  exhausted  with  alcohol.  The  spirit  is 
evaporated  in  a  vacuum,  the  residue  treated  with  water  acidulated 
with  acetic  acid,  rapidly  filtered,  and  the  filtrate  treated  with 
solid  metaphosphoric  acid  (glacial  phosphoric  acid),  as  long  as  a 
precipitate  is  produced.  The  liquid  is  filtered  from  the  bulky 
precipitate  (which  contains  jervine,  rubijervine,  and  much  amor- 
phous matter),  made  alkaline  with  ammonia. j^nd  shaken  with 
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ether.  The  ethereal  extract  is  distilled,  when  protoveratrine 
crystallises  out,  and  may  be  purified  from  a  little  jervine  and 
rubijervine  by  recrystallisation  from  alcohol.  By  this  process, 
Salzberger  obtained  0'03  per  cent,  from  white  hellebore  root. 
If  the  ammoniacal  solution  be  subsequently  shaken  with  chloroform, 
pseudojervine  is  extracted. 

PftOTOVERATRiDiNE,  C26H45N08,  is  a  non-poisonous  base  isolated 
by  Salzberger  from  white  hellebore  root.1  It  crystallises  in  colour- 
less, four-sided  plates,  melting  at  265°,  and  is  almost  insoluble  in 
alcohol,  methyl  alcohol,  acetone,  or  chloroform,  and  quite  insoluble 
in  ether,  benzene,  and  light  petroleum.  It  does  not  cause  sneez- 
ing, but  its  solutions  in  acids  are  very  bitter,  and  give  a  crystal- 
line precipitate  with  ammonia.  With  concentrated  sulphuric  acid, 
the  base  yields  a  violet  coloration,  changing  to  cherry-red.  Its 
solution  in  strong  hydrochloric  acid  (like  that  of  veratridine) 
becomes  light  red  on  warming,  and  evolves  a  decided  odour  of  iso- 
butyric  acid.  The  solution  of  the  sulphate  gives  copious  precipitates 
with  phosphotungstic,  tannic,  and  picric  acids,  and  with  Mayer's 
reagent.  B^HgPtClg  is  soluble  in  water,  but  is  precipitated  in  large 
hexagonal  plates  on  adding  alcohol  to  mixed  solutions  of  platinic 
chloride  and  proto veratridine  hydrochloride. 

Alkaloids  of  the  Potato,  &c. 

SOLANINE,  C42H75N015(?),  occurs  in  Solanum  nigmm,  and  has 
been  found  in  the  bitter-sweet  (Solanum  dulcamara)  and  other 
species  of  Solanum,  including  the  potato2  (Solanum  tuberosum). 

For  the  extraction  of  solanine  from  potato-seeds,  the  material 
should  be  macerated  in  water  slightly  acidulated  with  sulphuric 
acid,  the  liquid  heated,  and  treated  with  ammonia.  A  precipitate  of 

1  The  coarsely  powdered  rhizome  was  mixed  with  water  and  baryta,  and 
the  liquid  extracted  with  ether.     From  the  solution  the  ether  was  evaporated 
at  the  lowest  possible  temperature  in  a  current  of  hydrogen.     On  standing, 
the  resultant  dark  green  syrup  gave  a  crop  of  crystals  mostly  consisting  of 
jervine. 

2  R.  Firbas  (Monatsh.  Chem.,  x.  541)  macerates  fresh  potato-shoots  in 
water  containing  2  per  cent,  of  acetic  acid,  renders  the  filtered  liquid  alkaline 
with  ammonia,  and  extracts  the  precipitate  (after  drying)  with  boiling  recti- 
fied spirit.     The  liquid  is  filtered  hot,  and  treated  with  a  little  ammonia  till 
just  turbid.     On  cooling,  crystals  of  solanine  are  deposited,   and  later,  an 
amorphous  base  called  solaneine  is  deposited.     To  this  body  Firbas  attri- 
butes the  formula  C  ^11^0^411^0  ;  solanine  being  C52H93N018  +  4iH20. 

SOLANEINE  is  said  to  melt  at  208°,  the  melting-point  of  solanine  being  stated 
at  244°  C.  When  hydrolysed  by  dilute  hydrochloric  acid,  solaneine  behaves 
like  solanine,  yielding  solanidine,  C^H^NO^  and  a  glucose  said  to  be 
distinct  from  ordinary  dextrose  or  laevulose. 
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impure  solanine  is  formed,  which  is  dried  thoroughly  and  exhausted 
with  boiling  alcohol.  On  cooling,  the  solanine  is  almost  entirely 
deposited,  and  is  purified  by  several  recrystallisations.  A  pure 
product  is  obtainable  more  readily  if  the  acid  extract  of  the  seeds 
be  treated  with  lead  acetate  and  filtered,  and  the  solanine  subse- 
quently precipitated  by  ammonia  or  milk  of  lime. 

Solanine  deposited  from  hot  alcohol  forms  fine,  silky  crystals, 
appearing  under  the  microscope  as  rectangular  prisms,  but  when 
obtained  by  precipitation  it  forms  gelatinous  flocks,  which  on 
drying  agglomerate  to  a  horny  mass. 

Solanine  melts  at  235-240°,  and  at  a  slightly  higher  tem- 
perature decomposes  with  an  odour  of  caramel,  giving  a  sublimate 
of  solanidine. 

Solanine  is  odourless  when  dry,  but  when  moist  exhales  an  odour 
recalling  that  of  potatoes  while  cooking.  The  taste  of  solanine 
is  somewhat  bitter  and  pungent.  It  leaves  on  the  pharynx  a 
persistently  acrid  sensation.  Solanine  is  very  poisonous,  pro- 
ducing in  dogs  and  cats  violent  vomiting,  followed  by  somnolence, 
and  sometimes  accompanied  by  paralysis  of  the  lumbar  muscles. 
One  grain  killed  a  rabbit  in  six  hours,  and  J  grain  is  strongly 
nauseating  to  a  man.  Solanine  is  stated  by  Sardas  to  be  an 
excellent  neurotic  sedative,  more  efficacious  in  long-standing 
neuralgia,  especially  when  neuritis  is  present,  than  either  anti- 
pyrine  or  antifebrin. 

Solanine  is  nearly  insoluble  in  water,  and  only  very  slightly 
soluble  in  cold  alcohol,  but  dissolves  readily  in  hot  alcohol.  It 
is  insoluble  in  ether,  chloroform,  benzene,  or  petroleum-spirit,  but 
is  soluble  in  amylic  alcohol,  which  may  be  employed  to  extract 
solanine  from  its  alkaline  solutions. 

Solanine  is  said  to  have  a  faintly  alkaline  reaction.  It  is  a 
very  feeble  base,  the  salts  being  mostly  decomposed  by  excess  of 
water.  The  acid  sulphate,  however,  is  said  to  be  very  stable  and 
not  decomposed  by  water,  even  on  heating,  in  contra-distinction 
to  the  neutral  salt.  It  is  amorphous  and  very  bitter.  The 
hydrochloride  is  precipitated  as  a  jelly  on  adding  ether  to  a 
solution  of  solanine  in  alcohol  acidulated  with  hydrochloric  acid. 
B2,H2PtCl6  is  a  yellow  flocculent  precipitate,  insoluble  in  ether, 
but  readily  soluble  in  hot  water  or  in  alcohol.  The  chromate, 
phosphate,  and  oxalate  of  solanine  have  been  obtained  crystallised. 

Solanine  is  not  affected  by  alkalies,  even  when  boiling.  It  does 
not  reduce  Fehling's  solution,  but  reduces  ammonio-nitrate  of  silver 
on  heating. 

Concentrated  nitric  acid  dissolves  solanine  in  the  cold  to  a  liquid, 
which  is  at  first  colourless,  but  rapidly  acquires  a  magnificent  purple 
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colour,  which  soon  disappears.  With  strong  hydrochloric  acid, 
solanine  gives  a  yellow  coloration.  Concentrated  sulphuric  acid 
dissolves  solanine  with  orange  colour,  changing  to  deep  violet  and 
brown. 

When  warmed  with  a  mixture  of  equal  measures  of  alcohol  and 
strong  sulphuric  acid,  solanine  dissolves  with  rose-red  coloration. 
This  reaction  is  stated  to  be  characteristic. 

As  a  micro-chemical  test  for  solanine  in  plants,  Schaarschmidt 
lays  the  section  to  be  examined  in  moderately  concentrated  sulphuric 
or  nitric  acid,  when  in  a  few  seconds  the  presence  of  the  alkaloid 
is  indicated  by  a  beautiful  rose  colour.  In  this  manner, 
Scbaarschmidt  recognised  the  presence  of  solanine  in  the  tuber 
and  stalk  of  Solanum  tuberosum  ;  and  also  in  S.  nigrum,  S.  dul- 
camara, Capsicum  ammum,  Lycopersicum  esculentum,  and  Man- 
drayora  officinalis. 

According  to  M.  E.  Wotczal  (Pharm.  Jour.,  [3],  xxi.  50), 
with  the  exception  of  strong  sulphuric  acid,  only  the  two  follow- 
ing tests  are  to  be  relied  on  for  the  detection  of  solanine  : — 

Mandelin's  reagent,  prepared  by  dissolving  1  part  of  am- 
monium meta-vanadate  in  1000  parts  of  tri-hydrate  of  sulphuric 
acid  (H2S04  + 2H20).  With  solanine  this  gives  a  colour  which 
is  first  yellow,  changing  to  orange-red,  purple-red,  brown,  pure  red, 
violet,  and  blue-green,  finally  disappearing  altogether.  The  reaction 
is  very  delicate. 

Brand  fa  reagent,  prepared  by  dissolving  0'3  gramme  of  sodium 
selenate  in  a  mixture  of  6  c.c.  of  strong  sulphuric  acid  with  8  c.c. 
of  water.  If  solanine  be  warmed  with  this  reagent,  the  mixture, 
after  cooling,  becomes  first  violet-red,  then  orange-red  and  yellow- 
brown,  the  colour  finally  disappearing. 

Solanine  has  the  constitution  of  a  glucoside,  since,  on  boiling 
with  dilute  sulphuric  or  hydrochloric  acid,  it  is  hydrolysed  with 
formation  of  a  glucose  and  solanidine. 

SOLAXIDINE,  CggH^NOg,1  according  to  Jorissen  and  Gros- 
jean  (abst.  Jour.  C/iem.  Soc.,  1891,  p.  473),  occurs  ready-formed 
in  the  young  sprouts  of  potatoes  in  the  proportion  of  1*5  per 
cent.  It  crystallises  from  alcohol  or  ether  in  long  silky  needles, 
but  is  thrown  down  on  adding  an  alkali  to  one  of  its  salts  as  a 
gelatinous  precipitate  (sometimes  crystalline).  Solanidine  melts  at 
208°  C.  (191°,  Firbas),  and  sublimes  with  partial  decomposition. 
It  is  alkaline  to  litmus  and  has  a  sharp,  bitter  taste. 

Solanidine  is  very  slightly  soluble  in  water,  even  when  hot, 
but  dissolves  readily  in  strong  alcohol,  and  is  very  easily  soluble 

1  According  to  R.  Firbas,  solanidine  contains  C40H61N"02,  the  formula  for 
solanine  being  C52H93"N"018  (see  footnote,  page  74). 
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in  ether.  It  is  said  to  be  extracted  from  its  acidulated  solutions  by 
agitation  with  chloroform,  and  probably  with  ether  also. 

Solanidine  forms  salts  which  are  mostly  crystallisable,  and 
sparingly  soluble  in  water  and  acids.  B,HC1  forms  rhombic  prisms 
with  end-faces,  which  may  be  sublimed,  and  are  readily  soluble 
in  alcohol,  but  very  sparingly  soluble  in  water  or  in  hydrochloric 
acid.  B2,H2PtCl6  is  yellowish,  amorphous,  sparingly  soluble  in 
water,  but  readily  soluble  in  acid. 

Solanidine  is  unaltered  by  treatment  with  alkalies  or  dilute 
acids.  It  does  not  reduce  either  Fehling's  solution  or  ammonio- 
nitrate  of  silver. 

Solanidine  dissolves  in  strong  sulphuric  acid  with  red  colour, 
changing  to  dirty  red,  the  base  solanicine,  C26H39NO,  (?)  being 
formed.  With  alcohol  and  sulphuric  acid  it  behaves  like  solanine. 

According  to  Jorissen  and  Grosjean,  if  a  solution  of 
solanidine  in  acetic  acid  be  concentrated  on  the  water-bath,  hydro- 
chloric acid  and  a  little  ferric  chloride  added,  and  the  mixture  then 
evaporated  to  dryness,  a  violet  coloration  is  produced. 

In  1883,  the  occurrence  of  poisonous  symptoms  in  cattle,  after 
feeding  upon  the  potato-residues  from  a  German  distillery,  led  to 
an  investigation  by  G.  Kassner  (Archiv.,  1885,  p.  241).  The 
residue  was  treated  with  ammonia,  and  then  shaken  with  amylic 
alcohol,  which,  when  separated  and  evaporated,  left  a  crystalline 
residue  consisting  of  solanine  and  solanidine,  the  latter  predomi- 
nating owing  to  the  decomposition  of  the  solanine  under  the 
influence  of  the  acid  mash.  The  presence  of  these  poisonous 
alkaloids  was  attributed  to  the  use  either  of  sprouting  or  not 
perfectly  ripe  potatoes.1 

GRANDIFLORINE  is  the  name  given  by  its  discoverer,  D.  Freire 
(Compt.  rend.,  cv.  1074  ;  abst.  Jour.  Chem.  Soc.,  Ixvi.  166),  to  an 
alkaloid  contained  in  the  fruit  of  Solanum  yrandiflora,  the  "  wolf- 
fruit  "  of  Brazil.  It  gives  precipitates  with  most  of  the  general 
reagents  for  alkaloids  ;  yields  with  strong  sulphuric  acid  a  bright 
yellow  coloration,  changing  to  red  ;  with  nitric  acid  a  purplish- 
red  colour  ;  and  with  sulphuric  acid  and  manganese  dioxide  a 
yellow  colour,  becoming  first  green  and  then  violet.  From  the 
percentage  of  platinum  contained  in  the  chloroplatinate,  the 
molecular  weight  of  the  alkaloid  appears  to  be  236'4.  Grandi- 
florine  is  insoluble  in  water,  but  soluble  in  alkalies  and  acids. 
Heated  with  caustic  alkali,  it  evolves  ammonia.  It  is  very  bitter, 
and  acts  as  an  energetic  poison  to  sheep. 

1  The  occurrence  and  distribution  of  solanine  in  the  potato,  &c.,  and  its 
relation  to  the  growth  of  the  plant,  have  been  studied  by  M.  E.  W  o  t  c  z  a  1 
(Pharm.  Jour.,  [3],  xxi.  50), and  N.S.  Klepso  v?(Chem.  Zeit.Rep.,  1895,  338). 
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Aconite  Alkaloids.1     (Addendum.) 

It  has  been  recently  shown  that  when  aconitine  is  subjected  to 
hydrolysis  by  boiling  with  caustic  alkali,  it  yields  not  only  benzoic 
acid  and  aconine,  as  observed  long  since  by  C.  R.  A.  Wright, 
but  also  a  definite  amount  of  acetic  acid.  Thus,  on  the  assump- 
tion that  the  composition  of  crystallised  aconitine  is  correctly 
represented  by  the  formula  C33H45X012,  it  is  split  up  on  hydrolysis 
in  the  following  manner  : — 

CsBH^NO^  +  2H20  =  C2H402  +  C7H602  +  C24H39N010. 

Aconitine.  Acetic  acid.    Benzoic  acid.         Aconine. 

Whether  the  above  formula  for  aconitine  is  correct  is  questioned 
by  eminent  authorities,  some  of  whom  attribute  to  aconitine  the 
formula  C34H47N011.  If  this  formula  be  accepted,  the  equation 
representing  the  saponification  of  aconitine  becomes  : — 

CMH47NOU  +  2H20  =  C2H402  +  C7H602  +  C25H41X09. 

When  the  hydrolysis  is  conducted  more  cautiously,  as  is  the 
case  when  a  salt  of  aconitine  is  heated  with  water  only,  without 
any  addition  of  caustic  alkali,  acetic  acid  only  is  first  split  off, 
benzoyl-aconine,  C31H43NOn,  being  obtained  simultaneously. 
This  product  proves  to  be  identical  with  the  picraconitine  met 
with  in  a  single  instance  by  T.  B.  Groves  (Part  ii.  221),  to 
which  the  formula  C31H45N010  was  attributed. 

Psevdaconitine,  the  highly  toxic  alkaloid  isolated  by  Alder 
Wright  from  the  root  of  Kepaul  aconite  ( Aconitum  ferox),  has 

1  Since  the  publication  of  Part  ii.  of  this  Volume,  the  chemistry  and  con- 
stitution of  the  aconite  alkaloids  have  formed  the  subject  of  several  series  of 
researches.  The  results  of  these  investigations,  except  in  some  minor  details, 
are  not  in  dispute  ;  but  the  claim  to  the  discovery  of  the  true  constitution  of 
aconitine  has  formed  the  subject  of  an  embittered  controversy,  which  has  since 
degenerated  into  a  discreditable  wrangle,  in  which  accusations  of  piracy  and 
bad  faith  have  been  freely  made.  Into  the  merits  of  this  dispute  it  is  un- 
necessary to  enter,  and  in  the  above  summary  of  recent  researches  on  the 
subject  the  author  has  intentionally  omitted  the  mention  of  any  names. 

Those  interested  in  the  matter  will  find  details  in — 

The  Journal  of  the  Chemical  Society,  Ixi.  385,  395  ;  Ixiii.  443,  491,  991  ; 
Ixv.  174,  176,  290  ;  Ixvii.  459  ; 

Proceedings  of  the  Chemical  Society,  1894,  pp.  6,  96  ; 

The  Pharmaceutical  Journal,  [3],  xxiii.  86,  765  ;  xxiv.  581,  582,  729  ; 
xxv.  575,  773,  1089,  1117  ; 

The  Chemist  and  Druggist,  April  6th  and  20th,  1895  ; 

The  British  and  Colonial  Druggist,  March  8th  and  May  17th,  1895  ; 

Berichte  der  Deutsch.  GeselL,  1894,  pp.  27,  433,  664,  720;  1895,  pp.  28, 
192,  1379,  2537  ; 

Journ.  fur  prakt.  Chemie,  xlv.  604,  606. 
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been  found  to  behave  similarly.  Thus,  when  pseudaconitine 
sulphate  is  heated  in  a  closed  tube  with  water  it  splits  off  a 
molecular  proportion  of  acetic  acid,  while  a  base  of  the  consti- 
tution of  veratryl-pseudaconine  is  simultaneously  formed.  On 
subsequently  treating  this  body  with  caustic  alkali,  it  suffers 
hydrolysis,  and  yields  pseudaconine  and  veratric  or 
dimethyl-protocatechuic  acid. 

These  researches  do  not  appear  to  have  been  extended  as  yet  to 
the  alkaloid  of  Japanese  aconite  ;  but  this  body,  called  by  Paul 
and  Kingzett  japaconitine,  and  stated  to  have  the  formula 
C68H88N802P  is  now  said  to  be  identical  with  the  alkaloid  of 
Aconitum  napellus  (aconitine). 

Titration  of  Alkaloids-    (Addendum.) 

Since  the  publication  of  Part  ii.  of  this  Volume,  several 
important  memoirs  have  appeared  on  the  subject  of  the  determi- 
nation of  alkaloids  by  titration  with  standard  acid.1  The 
general  consensus  of  opinion  is  that  the  principle  is  of  considerable 
practical  value,  but  very  discordant  and  disappointing  results 
have  been  obtained  in  certain  instances. 

R.  T.  Thomson  has  investigated  the  general  behaviour  of  indi- 
cators of  neutrality  in  a  very  complete  manner,  and  arranges  the 
various  indicators  in  three  groups,  to  which  the  author  has  added 
Poirrier's  soluble  blue,  CLB,  as  a  fourth,  thus: — 


A.  Methyl-orange 
Group. 

B.  Litmus  Group. 

C.  Phenol-phthalein 
Group. 

D.  Poirrier's  Soluble 
Blue. 

Methyl-orange. 

Litmus. 

Phenol-phthalein. 

Soluble  blue,  CLB 

Cochineal. 

Rosolic  acid. 

Turmeric. 

Congo-red. 

Phenacetolin. 

Lacmoid. 

lodeosin. 

Dimethyl-amido- 
azobenzene. 

For  details  of   the  behaviour  of    these   various  indicators,  the 

1  The  following  are  the  chief  contributions  to  the  literature  of  the  subject 
since  Part  ii.  of  this  Volume  was  printed  :— R.  A.  Cripps,  Pharm.  Jour.,  [3], 
xxii.  511  ;  A.  H.  Allen,  Pharm.  Jour.,  [3],  xxii.  752,  772  ;  Analyst,  xvii. 
186,  215  ;  C.  Caspari,  Amer.  Pharm.  Review,  Nov.  1892  ;  Caspari  and  Dohme, 
Amer.  Jour.  Pharm.,  Ixv.  473  ;  Fair  and  Wright,  Pharm.  Jour.,  [3]  xxv. 
124  ;  L.  F.  Kebler,  Pharm.  Jour.,  [3],  xxv.  285  ;  Jour.  Amer.  Chem.  Soc., 
xvii.  882  ;  Analyst,  Dec.  1895. 
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author's  paper  on  "Neutrality"  should  be  consulted  (Analyst, 
xvii.  186,  215  ;  and  Pharm.  Jour.,  [3],  xxii.  752,  772). 

Broadly,  the  indicators  of  the  methyl-orange  group  do  not  react 
with  any  but  strong  acids,  but  are  sensitive  to  bases  of  feeble 
affinities,  such  as  are  many  alkaloids.  Litmus  is  often  an  uncer- 
tain indicator  of  neutrality,  as  the  point  at  which  the  change  of 
colour  occurs  does  not  in  all  cases  correspond  sharply  with  the 
formation  of  any  definite  salt.  Phenol-phthalein  is  a  very  delicate 
and  convenient  indicator  for  the  weakest  acids  (e.g.,  hydrocyanic, 
carbonic,  oleic)  as  well  as  the  strongest,  but  it  is  absolutely  indif- 
ferent to  the  great  majority  of  the  vegetable  alkaloids,  the  midri- 
atic  bases,  atropine,  homatropine,  hyoscine  and  hyoscyamine,  and, 
according  to  Plugge,  the  volatile  bases  nicotine  and  conine,  being 
the  most  notable  exceptions.  As  a  consequence  of  the  indifference 
of  the  alkaloids  to  phenol-phthalein,  their  salts  react  with  this 
indicator  as  if  the  acids  were  uncombined.  This  behaviour  has 
been  utilised  by  the  author  for  the  titration  of  quinidine  hydrio- 
dide,  and  cinchonidine  tartrate,  which  salts  are  obtained  as  pre- 
cipitates in  the  ordinary  process  of  separating  cinchona-bases 
(compare  Part  ii.  p.  460). 

In  titrating  alkaloids  much  depends  on  the  indicator  employed 
and  the  method  of  applying  it.  Methyl-orange,  rosolic  acid, 
iodeosin,  phloxin,  phenol-phthalein,  gallein,  lacmoid,  brazil-wood, 
logwood,  litmus,  and  cochineal  have  all  been  employed  and  found 
advocates. 

The  behaviour  of  the  alkaloids  and  organic  bases  with  indicators 
of  neutrality  has  been  very  imperfectly  studied.  It  is  frequently 
stated  that  a  certain  alkaloid  is  distinctly  alkaline  (presumably  to 
litmus),  but  it  is  only  rarely  and  of  recent  years  that  chemists 
appear  to  have  attempted  to  estimate  alkaloids  by  titration  with 
standard  acid.  Where  this  is  desired,  phenol-phthalein  is  quite 
inapplicable,  as  already  stated.  Litmus  answers  in  some  cases, 
but  by  no  means  invariably  With  methyl-orange,  in  the  majority 
of  cases  hitherto  tried  in  the  author's  laboratory,  a  determination 
of  tolerable  accuracy  and  a  fairly  sharp  end-reaction  are  obtainable.1 
Cochineal,  brazil-wood,  and  logwood  are  often  useful  indicators. 

In  titrating  quinine,  an  anomaly  occurs  which  has  misled  more 
than  one  observer.  This  arises  from  the  fact  that  the  ordinary 
quinine  sulphate  of  commerce,  having,  when  anhydrous,  the 
formula  (C.70H24N202)2,H2S04,  though  practically  neutral  to  brazil- 
wood, logwood,  and  cochineal,  is  strongly  alkaline  to  methyl-orange. 
The  point  of  neutrality  when  titrating  quinine  with  cochineal, 

1  This  result,  however,  is  not  in  accordance  with  the  experience  of  L.  F. 
K  e  b  1  e  r  (Jour.  Amer.  Chem.  Soc.,  xvii.  882). 
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brazil-wood,  or  logwood,  is  therefore  reached  when  sufficient  acid 
has  been  added  to  convert  the  quinine  into  the  sparingly  soluble 
sulphate  of  the  formula  Qu9,H2S04;  whereas  in  the  case  of 
methyl-orange  the  end-reaction  corresponds  to  the  formation  of 
the  readily  soluble  acid  sulphate  of  the  formula  Qu,H.7S04.  Hence 
twice  the  volume  of  standard  acid  will  be  required  by  a  given 
weight  of  quinine  when  methyl-orange  is  employed,  as  when 
brazil-wood,  logwood,  or  cochineal  is  used  as  the  indicator.  If 
nitric  acid  or  hydrochloric  acid  be  substituted  for  sulphuric 
acid,  the  results  are  similar,  the  salts  Qu,2HN03  and  Qu,2HCl 
being  neutral  to  methyl-orange.  The  sparingly-soluble  sulphate, 
Qu.2,H2S04,  is  distinctly  alkaline  to  litmus,  and  hence  this  indi- 
cator cannot  be  conveniently  used  for  the  titration  of  quinine, 
though  the  end-reaction  is  well  marked.  These  observations 
may  necessitate  a  revision  of  the  accepted  views  on  the  basicity 
of  quinine.1 

Experiments  made  in  the  author's  laboratory  on  the  titration 
of  cinchonine  and  cinchonidine  with  various  indicators  have  led 
to  such  anomalous  results  as  to  render  it  doubtful  if  the  constitu- 

1  The  statements  in  the  text  are  a  record  of  facts  observed  independently  in 
the  author's  laboratory,  and  carefully  verified  by  numerous  experiments. 
The  main  fact,  however,  was  previously  recorded  by  Seaton  and  Richmond 
(Analyst,  xv.  43),  who  state  that  they  "found  that  quinine  bisulphate  is 
neutral  to  methyl- orange,  while  the  base  itself  has  no  action  on  phenol- 
phthalein  ",  and  they  based  on  these  facts  the  following  process  for  the  deter- 
mination of  quinine  in  medicines  :— To  25  c.c.  of  medicine  add  two  drops  of 
methyl-orange  solution  (0'25  gramme  per  litre)  and  two  drops  of  phenol- 
phthalein  solution  (0'5  gramme  in  1  litre  of  proof  spirit),  and  titrate  with 
decinormal  baryta  solution  until  the  free  acid  is  all  neutralised,  as  shown  by 
the  red  colour  just  changing  to  a  brown  (sic).  Note  the  volume  of  acid  used, 
and  continue  the  titration  slowly  until  a  pink  colour  appears,  indicating  the 
point  of  alkalinity.  The  difference  between  the  two  titrations,  multiplied  by 
the  factor  0'0218,  gives  the  weight  of  crystallised  quinine  sulphate  (in 
grammes)  in  the  25  c.c.  of  medicine  used.  The  above  instructions  assume 
that  the  medicine  originally  contained  excess  of  acid,  and  was  free  from  any 
inorganic  base  precipitable  by  baryta.  Seaton  and  Richmond  give  figures 
showing  that  the  method  is  fairly  accurate  when  applied  to  pure  sulphate  of 
quinine,  but  in  the  opinion  of  the  author  the  conditions  under  which  the 
titrations  are  performed  in  practice  render  the  method  of  little  value.  It 
is  useless  in  presence  of  organic  acids,  and  the  colouring  matter  present 
in  quinine  wine  prevents  the  end  of  the  reaction  from  being  accurately 
observed. 

Owing  to  no  formula  for  "  quinine  bisulphate  "  being  given  by  Seaton  and 
Richmond,  nor  the  consequences  pointed  out,  the  fact  on  which  their  process 
was  based  was  misinterpreted  by  the  author  (Part  ii.  page  403,  footnote), 
and  apparently  has  been  quite  overlooked  by  other  writers. 

VOL.  III.  PART  III.  F 
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tion  of  these  bases,  or  at  least  the  composition  of  the  commercial 
articles,  is  correctly  understood. 

The  alkalimetric  method  of  determining  organic  bases  is  often 
very  valuable  for  the  examination  of  an  alkaloidal  precipitate  or 
residue,  the  purity  of  which  is  in  doubt.  C.  Caspari  asserts 
that  the  alkaloidal  residues,  obtained  in  the  ordinary  manner  by 
gravimetric  processes,  invariably  contain  from  10  to  20  per  cent, 
of  impurity.  This  is  probably  an  exaggeration,  but  the  titration 
of  a  residue  as  a  check  on  the  weight  is  often  very  useful,  and  in 
some  cases  is  more  accurate  than  the  gravimetric  determination. 
Caspari  recommends  the  solution  of  the  residue  in  excess  of  deci- 
normal  hydrochloric  acid,  the  solution  being  then  titrated  back 
with  centinormal  alkali,  using  brazil-wood  as  an  indicator. 

A  valuable  series  of  experiments  on  the  titration  of  alkaloids 
as  existing  in  pharmacopoeia!  tinctures,  in  which  several  indicators 
were  employed  and  compared,  has  been  published  by  Far r  and 
Wright  (Pliarm.  Jour.,  [3],  xxv.  124).  These  chemists  adopted 
in  general  the  method  of  the  author  (Part  ii.  131),  modifying  it 
to  suit  the  characters  of  the  indicator  employed.  The  following 
are  the  details  of  their  methods  of  working : — 

1.  Two    gravimetric   determinations    were    made    by    methods 
described  in  previous  papers  and  the  means  taken. 

2.  The  tincture  was  evaporated,  the  residual  liquor  rendered 
alkaline,  and  the  alkaloid  extracted  with  chloroform.     Except  in 
the  cases  of  veratrum,  lobelia,  and  colchicum,  the  alkaloid  was 
once  purified  by  shaking  out  with  acidulated  water,  rendering  the 
solution   alkaline,  and    again    extracting  with    chloroform.     The 
chloroformic  solution  was  then  washed  with  a  little  distilled  water 
before  being  titrated.     When  ammonia  was  used  as  a  precipitant 
of  the  alkaloid,  the  washing  was  repeated  until  the  water,   on 
separation,  ceased  to  become  pink  on  addition  of  phenol-phthalein. 
The  chloroformic  solution  thus  obtained  was  utilised  for  the  direct 
titration  of  the  alkaloids  with  |  HC1;   methyl-orange,  iodeosin, 
and  phloxin  being  used  as  indicators  in  the  separate  experiments. 
In  using  methyl-orange,  a  little  distilled  water  was  added  along 
with  two  drops  of  the  indicator :  but  in  the  case  of  iodeosin  and 
phloxin  a  single  drop  of  a  j  Q^Q  solution  was  found  sufficient,  and 
this  was  shaken  up  with  the  chloroformic  solution  until  the  latter 
was  distinctly  coloured.     In  the  case  of  the  methyl-orange,  the 
termination  of  the  reaction  was  indicated  by  the  appearance  of  a 
light  pink  colour  in  the  aqueous  layer,  while  where  iodeosin  or 
phloxin  has  been  used,  the  decolorisation  of  the  chloroform  marked 
the  point  of  saturation. 

3.  The  alkaloid  obtained  by  the  usual  gravimetric  process  was 
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dissolved  in  a  calculated  excess  of  standard  acid  (usually  4  or 
5  c.c.),  the  indicator  added,  followed  by  the  addition  of  standard 
baryta-water  until  the  neutral  point  was  reached.  These  deter- 
minations were  preferably  made  in  the  white  porcelain  dish  in 
which  the  alkaloidal  residue  had  been  previously  weighed.  In 
this  form  of  the  process  the  indicators  used  were  methyl- 
orange  and  brazil-wood,  supplemented  when  possible  by  iodeo- 
sin  and  phloxin.1  The  end-reaction  in  the  case  of  methyl- 
orange  was  indicated  by  the  disappearance  of  the  pink  tint,  and 
in  that  of  brazil-wood  by  the  production  of  a  purple  colour. 
When  employing  iodeosin  or  phloxin,  except  in  direct  titration, 
sufficient  (neutral)  ether  was  added  to  form  a  distinct  supernatant 
layer  after  agitation.  The  acid  was  ^  hydrochloric  acid  (  =  1'825 
gramme  of  HC1  per  litre),  and  the  alkali  |  baryta-water  (=  T710 
gramme  of  BaH202  per  litre).  This  solution,  as  pointed  out  by 
the  author,  possesses  marked  advantages  over  caustic  soda. 

The  table  on  next  page  shows  the  results  obtained  by  Farr  and 
Wright  by  the  foregoing  methods.  The  last  column  has  been 
added  by  the  author,  and  represents  the  alkaloidal  value  of  1  c.c. 
of  decinormal  acid. 

The  results  recorded  in  the  table  are  considered  by  Farr  and 
Wright  to  lead  to  the  following  conclusions : — 

1.  Volumetric  methods  are   useless  for  the   determination    of 
the  alkaloids  of  aconite,  the  large  proportion  of  aconine  present 
(equivalent  '02715)  making  the  readings  much  too  high. 

2.  They  are  also  useless  in  the  case  of  colchicum,  which  appears 
to  contain   a   small  percentage  of  alkaloid  having  definite  basic 
properties,  probably  colchicine,  with  a  considerable   quantity  of 
some  other  substance,  which  is  chemically  indifferent,  but  possibly 
equally  active  physiologically.2 

1  The  indicators  were  prepared  in  the  following  manner  : — 
Methyl-Orange. — A  tincture  containing  1  grain  of  methyl-orange  dissolved 

in  a  fluid  ounce  of  proof  spirit. 

Brazil-  Wood.— The  U.S.P.  test  solution.  This  is  made  by  boiling  50 
grammes  finely-cut  brazil-wood  with  100  c.c.  distilled  water  for  half  an  hour, 
replacing  the  water  lost  from  time  to  time.  The  mixture  is  allowed  to  cool, 
the  liquor  strained  off,  water  added  to  100  c.c.,  and  a  further  addition  made 
of  25  c.c.  of  alcohol,  and  the  whole  filtered.  In  the  author's  laboratory,  also, 
brazil-wood  has  been  found  a  useful  indicator  of  neutrality  when  titrating 
quinine. 

Iodeosin  and  Phloxin. — An  aqueous  solution  containing  1  part  in  1000 
measures. 

2  It  appears  more  probable  that  colchicine,  which  is  admittedly  a  very  weak 
base,  is  incapable  of  accurate  titration  by  any  indicator,  just  as  is  the  case 
with  caffeine. 
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3.  The  factor  for  calculating  the  alkaloid  in  tincture  of  gelse- 
mium  was  based  on  Spiegel's  formula  for  gelsemine,  C22H26N203. 

4.  The  titration  of  the  cinchona  bases  was  attended  with  great 
difficulty,  owing  to  the  end-reaction  being  almost  unobservable. 
With  extreme  care  fairly  accurate   results  were  obtainable,  but 
Farr  and  Wright's  experience  with  tincture  of  cinchona  was  such 
as  to  cause  them  unhesitatingly  to  condemn  the  application  of 
any  volumetric  process  to  the  assay  of  this  preparation.     In  several 
instances  the  results  indicated  by  titration  were  exactly  twice  as 
great  as  those  obtained  by  weighing.1 

5.  The    volumetric    determinations    of    the    alkaloids   in    the 
tinctures   of  veratrum  examined    yielded    results  approximating 
very  fairly   to   those   of  the  gravimetric  determination,  but  the 
formula  weights  of  the  alkaloids  of  veratrum  differ  so  widely  that 
such  comparative  accuracy  could  by  no  means  be  generally  relied 
upon. 

6.  The  tinctures  which  lend  themselves  most  readily  to  deter- 
mination by   titration    are   -those   of  belladonna,   henbane,    stra- 
monium, conium,  jaborandi,  lobelia,  nux  vomica,  and  opium  (for 
morphine). 

As  a  general  process  for  the  volumetric  assay  of  alkaloidal 
tinctures,  Farr  and  Wright  recommend  the  following  as  being 
in  some  cases  almost  as  reliable  and  somewhat  more  expeditious 
than  gravimetric  methods: — "From  25— 50  c.c.  (in  the  case  of 
hyoscyamus,  100  c.c.)  of  the  tincture  to  be  determined  is  intro- 
duced into  a  porcelain  dish  and  evaporated  over  a  water-bath, 
with  addition  of  water  if  necessary,  until  all  alcohol  has  been 
driven  off.  The  residual  extract  is  acidified  and  filtered  through 
cotton  wool  into  a  stoppered  separator,  the  dish  and  filter  being 
washed  with  acidulated  water,  and  the  washings  added  to  the 
contents  of  the  separator.  The  liquid  in  the  separator  is  then 
made  alkaline  and  the  alkaloids  shaken  out  with  three  successive 
small  quantities  of  chloroform.  The  chloroformic  solutions  are 
tapped  off,  and,  when  ammonia  has  been  employed  as  the  preci- 
pitant, washed  with  distilled  water  until  the  washings  cease  to 
give  a  pink  colour  with  phenol-phthalein.  A  drop  of  Tfi&G 
iodeosin  solution  is  then  added,  and  the  whole  well  shaken  until 
the  chloroform  is  distinctly  tinted,  .jj  hydrochloric  acid  is  then 
carefully  run  in  from  a  burette  graduated  in  tenths  of  a  c.c.,  the 
mixture  being  well  shaken  after  each  addition  of  acid  until  the 

1  The  factor  employed  by  Farr  and  Wright  (  =  '0308  for  1  c.c.  *  acid)  was 
erroneous,  and  if  applied  to  the  experiments  in  which  methyl-orange  was 
used,  ought  to  have  resulted  in  figures  double  the  true  amount. 
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colour  of  the  chloroform  is  discharged,  when  the  volume  of  acid 
employed  is  observed,  and  the  amount  of  alkaloid  calculated 
therefrom  by  the  employment  of  the  appropriate  factor.  The 
process  is  not  applicable  to  tincture  of  lobelia." 

A  general  review  of  the  methods  of  determining  alkaloids  has 
been  published  by  L.  F.  Kebler  (Pharm.  Jour.,  [3],  xxv.  285), 
who  strongly  recommends  alkalimetric  titration,  and  gives  tabu- 
lated results  showing  the  results  obtained  by  the  application  of 
the  process  to  various  tinctures,  as  compared  with  those  yielded  by 
gravimetric  methods  and  by  titration  with  Mayer's  reagent.  In 
a  more  recent  paper  (Jour.  Amer.  Chem.  Soc.,  1895,  xvii.  822), 
Kebler  has  published  the  results  of  numerous  experiments  on 
the  determination  of  alkaloids  by  titration.  In  his  opinion,  the 
discordant  results  of  different  chemists  are  largely  attributable  to 
personal  equation,  each  worker  adopting  a  particular  change  of 
tint  as  the  end-reaction.  In  Kebler's  experiments,  the  titrations 
were  made  from  acid  to  alkaline  reaction,  and  the  tints  taken  for 
the  end-reactions  were  :  Brazil-wood,  from  yellow  to  onion-red,  the 
purple  coloration  first  produced  ultimately  fading  to  an  onion-red 
shade  ;  cochineal,  from  yellow  to  bluish-red  ;  haematoxylin,  from 
yellow  to  brown-orange ;  litmus,  from  red  to  onion-red,  and  methyl- 
orange  from  red  to  straw-yellow.  After  testing  the  value  of  these 
indicators  by  titrating  standard  acid  against  standard  alkali,  the 
titration  of  commercially  pure  alkaloids  was  undertaken.  In 
the  case  of  quinine  and  codeine,  2  grammes  of  the  alkaloid  was 
dissolved  in  alcohol  in  a  cylinder,  and  the  solution  made  up  to 
100  c.c.  with  alcohol.  To  10  c.c.  of  this,  after  the  addition  of 
the  indicator,  decinormal  acid  was  added  in  slight  excess,  the 
liquid  well  agitated,  and  the  excess  of  acid  titrated  back  with 
decinormal  alkali.  Where  the  alkaloid  was  insoluble  in  alcohol, 
a  weight  of  2  grammes  was  warmed  in  a  beaker  on  the  water-bath 
with  75  c.c.  of  decinormal  acid,  until  the  alkaloid  dissolved,  the 
solution  being  then  cooled  and  made  up  to  100  c.c.  with  water. 
Each  10  c.c.  then  contained  0*2  gramme  of  alkaloid  and  7J  c.c.  of 
decinormal  acid  solution.  After  adding  the  requisite  amount  of 
indicator  to  10  c.c.  and  diluting  to  50  c.c.  the  excess  of  acid  was 
determined.1 

1  Every  precaution  was  taken  in  preparing  the  indicators,  and  the  follow- 
ing quantities  were  used  in  each  case : — Cochineal  and  litmus  prepared  as 
described  in  Button's  Volumetric  Analysis,  of  the  former  5  drops,  of  the  latter 
10  ;  phenolphthalein,  1  gramme  per  litre  of  50  per  cent,  alcohol,  5  drops  ; 
hsematoxylin,  1  gramme  in  100  c.c.  strong  alcohol,  3  drops ;  brazil-wood 
solution,  5  drops  ;  methyl-orange,  1  gramme  in  a  litre  of  distilled  water, 
5  drops. 
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The  results  obtained  by  titrating  pure  alkaloids  in  the  above 
manner  were : — 


Indicators. 

Quinine. 
La  Wall.     Kebler. 

Strychnine. 

Morphine. 

Codeine, 

Brazil-wood, 
Cochineal, 

99-90 
105-56 

101-97 
102  '54 

99-36 
103-20 

98-93 
99-08 

9575 

97-09 

Hsematoxylin,    . 
Litmus, 

.  99'81 
101'80 

103-37 
103-55 

100-03 
103-54 

98-17 
98-93 

95-90 
96-38 

Methyl-orange,  .        ...  123-271       104'21         100'59          98'11 

The  following  table  by  Kebler  shows  the  applicability  of  the 
process  to  crude  alkaloids : — 

!•„.,.  of._c  Crude  Morphine.  Crude  Cocaine. 

La  Wall.      Kebler. 

Brazil-wood,  .  .  .  99 '23  98 '47  95 '90 

Cochineal,       .  .  .  100 '14  99 '53  97 'H 

Etamatoxylin,  .  .  99  "08  97 '59  95 '74 

Litmus,           .  .  .  99-50  98'93  96'82 

Methyl-orange,  .  .  102'10  100'02  100'14 

With  the  same  crude  morphine  the  ash  method  gave  9  7  "5  9  per 
cent.,  the  lime-water  method  9 8 '2 2  per  cent.,  and  the  absolute 
alcohol  method  9 8 '3 3  per  cent,  of  pure  morphine.  The  crude 
cocaine  yielded,  by  the  gravimetric  method  of  E.  E.  Squibb 
(Epliemeris,  iii.  1171),  9 7 '3  per  cent,  of  nearly  pure  cocaine. 

For  the  extraction  of  alkaloids  from  their  natural  sources, 
Kebler  employs  a  modification  of  Keller's  process.  To  ten 
grammes  of  the  dry  drug  in  a  250  c.c.  flask,  25  grammes  of 
chloroform  and  75  grammes  of  ether  are  added,  and  the  flask  well 
corked  and  shaken  for  some  minutes.  10  grammes  of  10  per 
cent,  ammonia-water  are  then  added,  and  the  shaking  continued 
at  intervals  for  an  hour.  On  adding  5  grammes  more  of  the 
ammonia-water,  the  suspended  powder  coagulates,  and  the  liquid 
can  be  poured  off  almost  completely. 

(1)  50  grammes  weight  of  this  liquid  is  evaporated  on  the  water- 
bath,  10  c.c.  of  ether  added,  and  the  liquid  again  evaporated.     The 
residue  is  dissolved  in  15  c.c.  hot  alcohol,  and  water  added  to 
slight  permanent  turbidity.     The  indicator  is  then  added,  and  an 
excess  of  the  standard  acid  solution,  which  is  titrated  back  with 
centinormal  alkali. 

(2)  50  grammes  weight  of  the  liquid  is  shaken  with  20  c.c.  of 
acidulated  water  in  a  separating  funnel,  the  aqueous  solution  re- 

1  It  will  be  observed  that  the  figure  obtained  by  titrating  quinine  with 
methyl-orange  is  anomalous,  but  it  does  not  approach  200,  which  is  the 
result  repeatedly  approximately  obtained  in  the  author's  laboratory.  Possibly 
the  discrepancy  is  due  to  a  different  colouring  matter  being  employed  by 
Kebler  under  the  name  of  methyl-orange  from  that  used  by  the  author. 
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moved  to  a  second  separating  funnel,  and  the  shaking  repeated  twice 
more  with  15  c.c.  of  slightly  acidulated  water.  The  acidulated 
water  in  the  second  funnel  is  made  alkaline  with  ammonia,  and 
the  alkaloid  removed  by  agitating  successively  with  20  c.c.,  15  c.c., 
and  15  c.c.  of  a  mixture  of  three  parts  (by  volume)  of  chloroform 
with  one  of  ether.  The  residue  left  on  evaporation  of  the  solvents 
is  then  treated  as  in  process  1. 

]S~ux  vomica *  and  ipecacuanha  root  were  treated  by  both  the 
above  processes ;  belladonna  leaves  by  process  2  only.  The  results 
were  as  follow : — 


Per  Cent.  Alkaloids, 
Process  1. 

Per  Cent.  Alkaloids, 
Process  2. 
Gravimetrically. 

Per  Cent.  Alkaloids, 
Process  2. 
Volumetrically. 

La  Wall. 

Kebler. 

La  Wall. 

Kebler. 

La  Wall. 

Kebler. 

Nux  VOMICA. 

Brazil-wood,  . 

2-04 

2-58 

2-94 

3-00 

2-37 

2-37 

Cochineal,     . 

2-64 

2-69 

2-86 

310 

2-42 

2-39 

Haematoxylin  , 

2-18 

2-24 

2-88 

3-11 

2-23 

2-27 

Litmus, 

2-38 

2-34 

2-93 

3-05 

2-55 

2-37 

Methyl-orange,     . 

3-02 

3-64 

2-93 

3-02 

2-65 

2-61 

IPECACUANHA. 

Brazil-wood, 

2-46 

2-54 

2-58  ' 

2-60 

2-36 

2-35 

Cochineal,     . 

2-59 

2-49 

2-63 

2-68 

2-52 

2-33 

Haematoxyliu, 

2-48 

2-54 

2-58 

2-68 

2-35 

233 

Litmus, 

2-55 

2-57 

2-62 

2-60 

2-40 

2-25 

Methyl-orange,     . 

2-95 

3  '30 

2'66 

2-63 

2-89 

2-61 

BELLADONNA 
LEAVES. 

Brazil-wood, 

0-26 

0-20 

0-19 

015 

Cochineal,     . 

... 

0-28 

0-20 

0-24 

014 

Hsematoxylin, 

... 

0-27 

0-22 

0-21 

0-]3 

Litmus, 

... 

0-24 

0-18 

0-20 

0-15 

Methyl-orange,     . 

... 

0-25 

0-20 

0-23 

0-20 

1  The  nux  vomica,  examined  by  the  method  of  Dunstan  and  Short,  showed 
2 '89  per  cent,  of  crude  alkaloid,  and  this,  titrated  with  acid  solution,  yielded 
2*12  per  cent,  of  pure  alkaloid.  The  figures  in  the  text  show  that  the  Keller 
process  produces  an  alkaloidal  residue  containing  a  larger  percentage  of  pure 
alkaloid  than  that  yielded  by  Dunstan  and  Short's  method. 
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From  the  results  of  his  experiments,  Kebler  concludes  that 
methyl-orange  is  unsatisfactory  with  all  strengths  of  acid,  and  that 
litmus,  as  ordinarily  prepared,  is  also  unsuitable.  He  finds 
hsematoxyliri,  brazil-wood,  and  cochineal  to  give  very  promising 
results,  the  first  being  preferable,  and  cochineal  the  least  manage- 
able. 


NON-BASIC  VEGETABLE  BITTER  PRINCIPLES. 

(Appendix  to  Chapter  on  Alkaloids.) 


IN  addition  to  the  alkaloids,  there  exist  in  plants  a  considerable 
number  of  bitter  principles  which  are  not  possessed  of  basic  pro- 
perties. Some  of  these  have  more  or  less  well-defined  acid 
characters,  while  others  are  wholly  indifferent.  Not  a  few  have 
the  constitution  of  glucosides ;  in  fact,  the  whole  group  can  be 
conveniently  divided  into  glucosides  and  non-glucosidal 
bitters.  Only  a  few  of  the  leading  members  of  each  class 
require  consideration  here. 


GLUCOSIDES. 

The  name  glucoside  is  applied  to  numerous  bodies  possessing 
the  common  property  of  yielding  glucose,  or  an  analogous  body 
of  the  sugar-group,  as  one  of  the  products  of  their  hydrolysis 
on  treatment  with  a  dilute  acid.  Thus  salicin,  which  is  a  typical 
glucoside,  when  boiled  with  dilute  sulphuric  acid  is  hydrolysed, 
with  formation  of  glucose  and  the  alcohol-like  body  saligenol 
or  saligenin, 

C13H1807  +  H20  =  C6H1206 + C7H7O.OH. 

Salicin.  Dextrose.  Saligenol. 

Some  of  the  glucosides  yield  ordinary  dextrose  on  hydro- 
lysis, but  certain  members  of  the  class  yield  unfermentable  or 
optically  inactive  glucoses,  and  a  few  yield  bodies  which,  though 
carbohydrates,  are  not  of  the  nature  of  true  sugars.  Usually, 
only  one  species  of  sugar  results  from  the  decomposition  of  a  homo- 
geneous glucoside,  but  in  a  few  instances  two  distinct  kinds  of 
sugar  are  formed. 

Although  the  great  majority  of  the  glucosides  at  present  known 
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are  natural  products  of  the  vegetable  kingdom,  some  few  bodies 
of  animal  origin  belong  to  the  same  class.1  Among  these  is  the 
cerebrin  from  brain-tissue,  which  on  hydrolysis  yields  a  sugar 
isomeric  with  galactose.  The  protein-like  bodies  mucin  and 
condylin,  occurring  in  mucus  and  cartilage  respectively,  also  yield 
a  glucose  on  hydrolysis.  Another  body,  obtained  from  excre- 
mentious  matter  and  Purree  or  Indian  yellow,  is  also  of  a  gluco- 
sidal  nature,  consisting  as  it  does  of  the  magnesium  salt  of 
euxanthic  acid,  which  splits  up  on  boiling  with  dilute  acid  into 
euxanthone  and  glycuronic  acid: — C19H18On  =  C13H804 
+  C6H1007.  Glycuronic  acid,  COH(CH.OH)4.COOH,  may  be 
regarded  as  glucose  in  which  one  of  the  CH2.OH  groups  has  been 
oxidised  to  a  carboxyl  group  (Allen's  Chemistry  of  Urine,  p.  37). 

A  recent  research  by  E.  Fischer  (Ber.,  xxviii.  1511)  on 
amygdalin,  the  glucoside  of  bitter  almonds,  is  very  suggestive  of 
future  discoveries  in  the  same  direction.  In  has  been  long  known 
that  amygdalin  splits  up,  under  the  influence  of  emulsin,  into 
benzoic  aldehyde  (oil  of  almonds),  hydrocyanic  acid,  and  glucose. 
These  facts,  and  the  conversion  of  the  glucoside  into  mandelic  and 
amygdalic  acid,  caused  Schiff  to  regard  it  as  a  compound  of 
benzaldehyde-cyanhydrin  with  a  disaccharid,  having  the  following 
structural  formula  : — 

C6H5.CH.CN 

O.C6H70(OH)3.O.C6H7(OH)30. 

Fischer,  however,  regards  the  interpretation  of  the  constitution 
of  the  saccharine  residue  as  incorrect  or  incomplete.  He  considers 
that  amygdalin  is  a  derivative  of  maltose,  or  of  a  similarly  consti- 
tuted disaccharid.  This  opinion  is  supported  by  the  fact  that, 
by  the  aid  of  the  yeast-ferment,  half  the  sugar  can  be  split  off  as 
glucose  without  the  nitrogenous  part  of  the  molecule  being  at  all 
affected.  A  new  glucoside,  very  similar  to  amygdalin,  is  thus 
produced,  having  the  formula : — 

C6H5.CH.CN 

O.C6Hn05. 
Fischer  calls  this  body  "  amygdonitril  glucoside."     It    closely 

1  The  ' '  widican  "  isolated  from  the  urine  of  herbivorous  animals  was  at  first 
considered  to  be  identical  with  the  vegetable  glucoside  of  the  same  name ; 
but  further  investigation  has  shown  that,  although  it  yields  indigo,  no 
glucose  results  from  its  hydrolysis,  and  that  it  is  the  potassium  salt  of 
iudoxyl-sulphuric  acid,  C8H6N.S04H. 
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resembles  amygdalin  in  chemical  behaviour,  but  differs  very  much 
in  physical  properties.  Emulsin  rapidly  decomposes  it  into  beii- 
zoic  aldehyde,  hydrocyanic  acid,  and  one  molecule  of  glucose. 

Certain  of  the  natural  glucosides  have  been  prepared  synthetic- 
ally. Thus  Michael  prepared  f  ormyl-phenylglucoside  or  h  e  1  i  c  i  n 
by  the  action  of  aceto-chlorhydrose  on  the  potassium-derivative 
of  salicylic  aldehyde.  From  helicin,  by  the  action  of  nascent 
hydrogen,  he  obtained  salicin,  and  by  fusjng  this  with  benzoic 
anhydride  populin  was  obtained. 

The  hydrolysis  of  the  glucosides  may  be  effected  in  a  few 
instances  by  simply  boiling  the  compound  with  water,  or  by  heat- 
ing the  aqueous  solution  under  pressure ;  but  the  change  proceeds 
much  more  rapidly  in  presence  of  an  acid.  Heating  with  caustic 
alkali,  or,  preferably,  baryta-water,  may  be  employed  in  some 
cases;  but  salicin  and  some  other  glucosides  are  wholly  un- 
changed when  treated  with  alkalies. 

Hlasewetz  classifies  the  glucosides  in  five  series  as  follows  : — 

1.  Glucosides  proper,  which    yield  on  hydrolysis  one   or  two 
molecules  of  a  glucose.     This  group  includes  the  great  majority 
of  the  natural  glucosides. 

2.  Pkloroglucides,  which  yield  phloroglucol  instead  of  glucose 
on  hydrolysis ;  such  as  maclurin,  phloretin,  and  quercitin. 

3.  Phloroglucosides,   yielding    both    phloroglucol    and   a  sugar 
on  hydrolysis ;  such  as  phloridzin,  quercitrin,  robinin,  and  rutin. 

4.  Mannides,  or  compounds  with  a  mannitol  derivative  other 
than  glucose. 

5.  Nitrogenised  glucosides ;  such  as  amygdalin,  chitin,  indican, 
myronic  acid,  and  solanine. 

Many  tannins,  phlobaphenes,  and  allied  bodies  appear  to  be 
related  to  the  glucosides,  but  their  amorphous  character  and  the 
slowness  with  which  they  undergo  hydrolysis  suggest  that  they 
are  derivatives  of  anhydrides  of  mannitol  and  of  the  glucoses,  such 
as,  for  instance,  dextrin.  This  view  is  quite  consistent  with  the 
production  of  glucose  by  boiling  with  dilute  acids,  the  glucose  so 
formed  being  a  secondary  product. 

The  non-carbohydrate  products  of  the  hydrolysis  of  the  gluco- 
sides are  of  a  very  diverse  nature,  including  hydrocarbons,  alcohols, 
aldehydes,  acids,  thiocarbimides,  &c. 

Hydrolysis  of  the  glucosides  often  takes  place  through  the 
agency  of  certain  peculiar  unorganised  ferments  occurring  in 
the  plant  together  with  the  glucoside.  The  emulsin  of  bitter 
almonds  and  the  my  rosin  of  mustard  are  examples  of  these. 
These  unorganised  ferments  have  a  very  limited  power  of  effecting 
such  decompositions,  their  influence  being  exerted  only  on  a  few 
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glucosides  of  closely  related  composition.  Emulsin,  however,  not 
only  decomposes  amygdalin,  the  glucoside  with  which  it  is  asso- 
ciated in  nature,  but  also  salicin  (but  not  populin),  aesculin,  and 
many  others. 

As  a  rule,  the  glucosides  are  best  isolated  by  extracting  the 
substance  with  water  or  dilute  alcohol,  clarifying  the  solution  by 
lead  acetate,  removing  the  excess  of  lead  from  the  filtrate  by  sul- 
phuretted hydrogen,  and  evaporating  the  filtered  solution  to  the 
crystallising  point.  A  useful  method  of  separating  some  of  the 
glucosides  is  to  precipitate  the  solution  with  alum  and  a  slight 
excess  of  ammonia,  when  the  glucoside  is  thrown  down  in  com- 
bination with  alumina  as  a  species  of  lake,  which  may  be  filtered 
off  and  decomposed  by  an  acid. 

One  or  two  basic  plant-principles  (e.g.,  solanine)  have  a  gluco- 
sidal  constitution,  but  the  great  majority  of  the  glucosides  are 
indifferent  or  feebly  acid  bodies.  Most  of  them  are  soluble  in 
water  and  alcohol,  but  insoluble,  or  nearly  so,  in  ether.  A  con- 
venient solvent  is  a  mixture  of  chloroform  and  ether.  Such  im- 
miscible solvents  as  dissolve  them  extract  the  glucosides  from 
their  acidulated  aqueous  solutions,  a  behaviour  which  affords  a 
general  method  of  separating  the  majority  of  the  glucosides  from 
the  stronger  alkaloids,  but  not  from  weak  bases  like  narcotine, 
caffeine,  &c.  (Compare  Part  ii.  pages  158,  159.) 

The  great  majority  of  the  natural  glucosides  have  a  bitter  taste. 
The  remarkable  exception  to  this  rule  apparently  afforded  by 
glycyrrhizin,  the  intensely  sweet  principle  of  liquorice-root 
(the  underground  stem  of  Glycyrrhiza  glabra),  has  been  explained 
by  the  researches  of  Habermann  (Her.,  x.  870)  and  Sestini 
(Pliarm.  Jour.,  [3],  x.  327),  which  render  it  very  doubtful  if 
glycyrrhizin  is  a  true  glucoside.1  Habermann  states  (Annalen, 

1  GLYCYRRHIZIN  or  GLYCYRRHIZIC  ACID,  C44H63NOJS,  occurs  in  liquorice 
root  in  the  form  of  a  calcium  or  ammonium  salt.  As  obtained  by  decompos- 
ing the  insoluble  lead  salt  with  sulphuretted  hydrogen,  glycyrrhizic  acid  is 
an  amorphous  substance  resembling  albumin,  which  turns  brown  at  100°, 
and  at  a  higher  temperature  swells  up  and  carbonises.  It  gelatinises  with 
cold  water,  but  dissolves  readily  on  heating.  The  solution  is  intensely 
sweet,  is  acid  to  litmus,  and  decomposes  calcium  and  barium  carbonates 
on  boiling.  Glycyrrhizic  acid  is  tribasic,  and  forms  soluble  salts  of  an 
extremely  sweet  taste.  It  dissolves  freely  in  dilute  spirit,  but  is  only 
sparingly  soluble  in  absolute  alcohol. 

Glycyrrhizin  is  alleged  to  have  140  times  the  sweetening  power  of  cane-sugar, 
and  hence  liquorice  has  been  employed  for  sweetening  malt  liquors,  especially 
stout.  For  the  detection  of  liquorice  in  beer,  &c.,  R.  K  a  y  s  e  r  (abst.  Analyst,  x. 
125)  proposes  the  following  process,  which  he  states  will  permit  the  detection 
of  less  than  1  gramme  of  liquorice  in  1  litre  of  beer  :  — 1  litre  of  the  sample  is 
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cxcvii.  105  ;  abst.  Jour.  Chem.  Soc.,  xxxviii.  671)  that  by  boiling 
with  dilute  acids  glycyrrhizin  yields  glycyrrhetin  (a  crystallised 
nitrogenous  compound  of  the  formula  C32H47N04)  and  para- 
saccharic  acid,  C6H1008,  isomeric  with  ordinary  saccharic  acid. 
This  acid  is  a  brown  gum,  soluble  in  water  and  alcohol,  which 
yields  uncrystallisable  salts  (distinction  from  saccharic  acid)  and 
reduces  Fehling's  solution. 

Many  of  the  glucosides  are  optically  active,  being,  as  a  rule, 
Zflsw-rotatory,  although  on  hydrolysis  they  yield  a  dextro-rotatory 
glucose.  Some  of  them  (e.g.,  digitalin,  saponin,  strophanthin) 
are  intensely  poisonous. 

Such  of  the  glucosides  as  are  decomposed  by  alkalies  with 
formation  of  a  reducing  sugar  reduce  Fehling's  solution  on  boil- 
ing, and  some  reduce  ammonio-silver  nitrate.  A  few  glucosides 
are  precipitated  by  tannin,  picric  acid,  and  some  other  alkaloidal 
reagents.  Some  glucosides  (e.g.,  saponin,  strophanthin)  yield 
aqueous  solutions  which  froth  strongly  on  agitation,  while  the 
solutions  of  others  coagulate  on  heating. 

Some  of  the  glucosides  give  characteristic  colour-reactions  with 
acids,  &c. ;  but  the  chemical  reactions  of  the  majority  have  been 
very  incompletely  studied. 

evaporated  on  a  water-bath  to  half  its  volume,  and  on  cooling  precipitated  with 
a  slight  excess  of  a  concentrated  solution  of  lead  acetate.  After  standing 
twenty-four  hours,  the  precipitate  is  filtered  off,  well  washed,  and  rinsed  into 
a  flask,  and  sufficient  water  added  to  bring  the  whole  to  about  350  c.c.  The 
liquid  is  then  heated  for  an  hour  on  the  water-bath,  and  sulphuretted 
hydrogen  passed  into  it  while  still  warm.  The  liquid  is  allowed  to  become 
cold,  well  agitated,  passed  through  a  folded  filter,  and  the  sulphuretted 
hydrogen  washed  out.  The  lead  sulphide  remaining  on  the  filter  is  said  to 
retain  the  glycyrrhizic  acid  of  the  liquorice.  It  is  rinsed  into  a  flask  with 
about  150  c  c.  of  proof-spirit,  the  liquid  heated  to  boiling,  and  filtered.  The 
filtrate  is  reduced  by  evaporation  to  a  few  c.c.,  and  a  few  drops  of  ammonia 
added,  which  will  turn  the  pale  yellow  liquid  brown-yellow.  This  is  then 
evaporated  to  dry  ness,  the  residue  dissolved  in  2  to  3  c.c.  of  water,  and  the 
liquid  filtered.  The  filtrate  will  possess  the  characteristic  taste  of  liquorice, 
and  when  heated  on  the  water-bath  with  a  few  drops  of  hydrochloric  acid 
will  yield  a  flocculent  resinous  mass  of  glycyrrhetin.  In  the  absence 
of  liquorice,  the  residue  will  be  tasteless  or  slightly  bitter,  and  will  give  at 
most  only  a  whitish  turbidity  on  heating  with  hydrochloric  acid. 

The  composition  and  adulterations  of  commercial  liquorice  or  Spanish 
juice  have  been  discussed  by  B.  Dyer  (Analyst,  xiii.  124).  Analyses  of 
liquorice-root  have  been  published  byF.  Sestini  (abst.  Jour.  Chem.  Soc. , 
1878,  p.  740)  and  by  J.  W.  Nickum  (Amer.  Jour.  Pharm.,  June  1895). 

The  "Compound  liquorice  powder  "of  the  British  Pharmacopoeia 
ought  to  contain  8 '33  per  cent,  of  sulphur,  but  this  ingredient  is  not  unfre- 
quently  omitted  partially  or  entirely. 
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The  following  is  a  tabular  list  of  the  better-known  gluoosides.     New 
members  of  the  class  are  constantly  being  discovered. 
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Only  two  reactions  can  be  regarded  as  applying  to  nearly  every 
member  of  the  class  of  glucosides,  namely : — the  hydrolysis  by  treat- 
ment with  dilute  acids,  with  production  of  a  reducing  sugar,  and 
precipitation  by  a  solution  of  ammonium  molybdate  slightly  acidu- 
lated with  hydrochloric  acid. 

Glucosides  of  Conifers. 

CONIFERIN,  C16H2208,  is  a  glucoside  occurring  in  the  cambium 
sap  of  coniferous  trees,  and  found  also  in  beetroot  and  asparagus. 
It  is  readily  prepared  by  evaporating  the  previously  boiled  and 
filtered  juice  to  the  crystallising  point.  It  forms  white  satiny 
needles,  often  arranged  in  stellate  groups,  which  contain  2H20  and 
effloresce  in  dry  air,  become  anhydrous  at  100°,  and  melt  at  185°. 
Coniferin  is  soluble  in  about  200  parts  of  cold  water,  but  more 
readily  in  hot  water  and  in  alcohol.  It  is  insoluble  in  ether. 
The  aqueous  solution  of  coniferin  has  a  bitter  taste,  and  is  Isevo- 
rotatory  ([a]D=  —  66'9°  at  20°  C.).  Coniferin  dissolves  in  strong 
sulphuric  acid  with  red  colour,  a  deep  blue  resin  separating  on 
dilution  with  water.  Moistened  with  phenol,  and  then  treated 
with  concentrated  sulphuric  or  hydrochloric  acid,  coniferin  rapidly 
acquires  a  deep  blue  colour,  the  change  occurring  in  sunlight 
almost  instantaneously.  By  this  reaction  coniferin  can  be  readily 
detected  in  pine  wood,  and,  conversely,  pine  wood  moistened  with 
hydrochloric  acid  may  be  used  to  detect  phenols. 

Coniferin  gives  no  reactions  with  metallic  solutions,  and  does 
not  reduce  Fehling's  solution.  Chromic  acid  mixture  oxidises 
it  to  vanillin  (compare  Part  i.  page  62).  Treated  with  emul- 
sin,  it  is  gradually  hydrolysed  into  glucose  and  coniferyl 
alcohol : — 

(CH30).C6H3(C3H4.OH)O.C6Hn054-H20  = 
(CH30).C6H3(C3H4.OH).OH  +  C6H1206. 

If  dilute  acid  be  used  as  the  hydrolysing  agent  instead  of 
emulsin,  the  coniferyl  alcohol  becomes  polymerised  to  a  resinoid 
body. 

SYRINGIN,  C17H2409  +  H20,  has  the  constitution  ofahydrate 
of  dihydroxymethyl-conif  erin  (see  page  123), 

(CH30)2C6H2(C3H4OH)O.C6Hn05+H20. 
Glucosides  of  Willow  and  Poplar. 

The   interesting    glucoside    salicin    occurs    naturally   in    the 
bark  and  leaves  of  the  willow,  with  populin  in  the  poplar,  and  in 
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many  other  species  of  Salix.     Salicin  is  likewise  present  in  castor- 
eum  and  meadow-sweet  (Spiraea  ulmaria}. 

SALICIN,  C13H1807,  or  C6H4(O.C6Hn05).CH2.OH,  has  the  consti- 
tution of  an  ortho-hydroxybenzyl  glucoside.  It  has  been 
prepared  synthetically,  and  also  results  from  the  action  of  nascent 
hydrogen  on  he  lie  in,  C13H1607,  or  by  the  saponification  of 
populin  by  boiling  baryta-  water  :  — 


=  C7H602  +  C13H1807. 

Populin.  Benzole  acid.         Salicin. 

For  the  preparation  of  salicin,  willow-bark  l  should  be  exhausted 
with  boiling  water,  the  decoction  concentrated,  digested  for  some 
time  with  litharge,  and  the  filtered  liquid  concentrated  to  a  syrup 
and  left  to  crystallise.  The  impure  salicin  is  recrystallised  from 
alcohol,  and  may  be  decolorised  by  animal  charcoal.  Salicin  forms 
a  crystalline,  silky  powder,  or  white  shining,  tabular  crystals  or 
scales,  melting  at  198°—  201°  C.,  and  recrystallising  if  allowed 
to  cool.  If  more  strongly  heated,  salicin  decomposes  at  about 
240°  with  evolution  of  acid  vapours  and  formation  of  glucosan 
and  saliretin.2 

Salicin  has  a  very  bitter  taste,  and  possesses  febrifugal  proper- 
ties.3 It  dissolves  sparingly  in  cold  (1  :  28),  but  very  readily  in 
hot  water  (1  :  0'7),  and  is  also  soluble  in  alcohol  (1  :  30,  cold; 
1:2,  boiling)  ;  but  is  nearly  insoluble  in  ether,  and  wholly  so  in 
chloroform,  carbon  disulphide,  turpentine,  and  most  other  solvents 
immiscible  with  water,  except  amylic  alcohol,  which  is  stated  by 
Dragendorff  to  extract  salicin  from  aqueous  liquids.  Solutions  of 
salicin  are  bitter,  neutral  to  litmus,  and  laevo-rotatory.  [a]P  = 
-55-8°. 

With  strong  sulphuric  acid,  solid  salicin  yields  a  bright  red 
coloration,  destroyed  on  addition  of  water  with  deposition  of  a 
powder  of  deep  red  colour,  insoluble  in  water  or  alcohol. 

Salicin  dissolves  readily  and  completely  in  cold  hydrochloric 

1  "Willow-bark  is  generally  stated  to  contain  about  4  per  cent,  of  salicin. 
Gessler  found  in  ten  samples  from  1'06  to  3  '13  per  cent.,  the  usual  proportion 
lying  between  2*2  and  2*5  per  cent. 

2  If  the  brown  residue  (avoiding  over-heating)  be  heated  with  water,  the 
solution  will  give  a  violet  coloration  with  ferric  chloride. 

3  Salicin  is  official  in  the   British  and  United   States  Pharmacopeias. 
It  is  used  in  doses  of  3  to  30  grains,  in  cases  of  acute  rheumatism,  inter- 
mittent fever,  &c.,  and  was  formerly  employed  as  an  adulterant  of  quinine. 
When   taken  internally,   a  portion  is   excreted   unchanged,   while  the  re- 
mainder appears  in  the  urine   as   salicylic  acid,   salicylic  aldehyde,  and 
saligenol. 
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acid  of  I'll  sp.  gr.,  but  on  warming  the  solution  a  voluminous 
white  precipitate  of  saliretin1  separates  long  before  the  boiling- 
point  is  reached. 

Salicin  dissolves  in  a  10  per  cent,  solution  of  caustic  potash  or 
soda.  The  solution  reduces  Fehling's  solution  on  boiling. 

With  Frohde's  reagent,  salicin  gives  almost  immediately  a  fine 
purple  coloration. 

If  salicin  be  dissolved  in  nitric  acid,  the  solution  evaporated  at 
100°,  and  the  residue  re-dissolved  in  a  little  water,  a  yellow  solu- 
tion is  obtained,  owing  to  the  formation  of  nitro-salicylic  acid. 
If  this  solution  be  again  evaporated,  and  ferric  chloride  added  to 
the  residue,  a  red  coloration  will  be  produced. 

If  a  small  quantity  of  salicin  be  heated  with  a  little  bichrom- 
ate of  potassium,  a  few  drops  of  sulphuric  acid  and  some 
water  added,  and  the  mixture  heated,  vapours  of  salicylic 
aldehyde,  C6H4(OH).COH,  having  the  odour  of  meadow-sweet, 
will  be  evolved. 

Salicin  is  not  precipitated  by  tannin,  gelatin,  neutral  or  (except 
in  very  concentrated  solution)  basic  lead  acetate,  and  gives  no 
reaction  with  Mayer's  solution  or  other  of  the  general  reagents  for 
alkaloids. 

Salicin  is  quite  unaffected  by  treatment  with  alkalies,  even 
when  boiling,  but  when  warmed  with  dilute  hydrochloric  or 
sulphuric  acid,  it  is  hydrolysed  with  formation  of  dextrose  and 
saligenin;  a  portion  of  the  latter  product  undergoing  dehydra- 
tion with  formation  of  saliretin. 

SALIGENIN  or  SALIGENOL,  C7H802 ;  i.e.,  C6H4(OH).CH2.OH, 
bears  the  same  relation  to  salicylic  acid  that  ethylic  alcohol 
bears  to  acetic  acid,  and  hence  has  the  constitution  of  ortho- 
hydroxybenzyl  alcohol.  It  has  been  obtained  by  the  action 
of  sodium  amalgam  and  water  on  salicylic  aldehyde,  and  by  heat- 
ing phenol  with  methylene  chloride  and  caustic  soda.  It  crystal- 

1  SALIRETIN.  C14H]403 ;  i.e.  C6H4(OH).CH2.O.C6H4(CH2.OH).  Saliretin 
of  the  above  formula  is  obtained  by  heating  salicin  to  80°  C.  with  10  parts 
of  fuming  hydrochloric  acid,  treating  the  product  with  water,  dissolving 
the  precipitate  in  dilute  alcohol,  and  precipitating  again  by  addition  of 
brine. 

Saliretin  is  a  yellowish  resin  soluble  in  alkalies.  It  is  extracted  from 
acidulated  solutions  by  agitation  with  ether.  It  does  not  yield  either  sali- 
cylic acid  or  aldehyde  when  treated  with  oxidising  agents.  Strong  nitric 
acid  converts  it  into  picric  acid.  With  sulphuric  acid,  saliretin  behaves  like 
salicin. 

Saliretin  differs  from  a  double  molecule  of  saligenin  by  the  elements  of 
water : — 2C7H802  -  H20  =  C,4Hi403.  By  the  action  of  concentrated  sulphuric 
acid  on  salicin  an  anhydride  of  the  formula  CogH^Og  is  obtained. 
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lises  in  small  tables,  which  melt  at  82°  and  sublime  at  100°.  It 
dissolves  in  about  15  parts  of  cold  water,  in  almost  all  proportions 
of  boiling  water,  and  is  also  soluble  in  alcohol,  ether,  and  benzene. 
It  may  be  crystallised  from  the  last  solvent,  and  extracted  from 
its  aqueous  solutions  by  ether.  The  aqueous  solution  of  sali- 
genol  is  coloured  indigo-blue  by  ferric  chloride.  The  solid  sub- 
stance dissolves  with  bluish-red  coloration  in  strong  sulphuric 
acid. 

Saligenol  is  best  obtained  by  acting  on  salicin  in  aqueous  solu- 
tion by  the  ferment  emu  1  sin,  obtained  by  macerating  pressed 
almonds  with  cold  water  for  some  hours,  and  precipitating  the 
solution  with  alcohol. 

Caffeol,  C8H1002,  the  substance  to  which  the  aroma  of  roasted 
coffee  is  due,  appears  to  have  the  constitution  of  a  methyl-ether 
of  saligenol,  and  the  formula  C6H4(OH).CH20(CH3).  (Compare 
Part  ii.  page  532.) 

BENZOYL-SALICIN  or  POPULIN,  C6H4(CH3OH).O.C6H10Bz05  or 
C20H2208+2H20,  occurs  in  the  bark  and  leaves  of  the  aspen- 
poplar,  and  has  been  obtained  synthetically  by  fusing  salicin  with 
benzoic  anhydride.  It  forms  delicate  needles,  which  become 
anhydrous  at  100°  and  melt  at  180°.  Populin  is  soluble  in  2420 
parts  of  cold  or  in  42  of  boiling  water.  Its  taste  resembles  that 
of  liquorice.  It  is  coloured  bright  red  by  strong  sulphuric  acid, 
and  purple  by  Frohde's  reagent.  By  boiling  with  dilute  acids 
populin  is  converted  into  benzoic  acid,  dextrose,  and  saliretin. 
Boiled  with  baryta-water  it  yields  benzoic  acid  and  salicin,  but 
is  not  hydrolysed  by  emulsin. 

Glucosides  of  Mustard. 

Black  and  white  mustard,  the  seeds  of  Brassica  or  Sinapis 
nigra  and  K.  alba,  present  very  close  resemblances  in  general 
composition.  Thus  they  both  contain  a  fixed  oil,  allied  to  rape 
oil,  and  in  both  seeds  there  is  a  considerable  proportion  of  albu- 
minous matters  and  mucilage,  but  starch  is  absent.  Both  seeds 
contain  the  soluble  ferment  myrosin,  the  white  mustard  usually 
containing  the  larger  proportion.  Both  kinds  of  mustard  also  con- 
tain sinapine  thiocyanate,  C16H24N05.CNS,  but  the  proportion  in 
the  white  seeds  is  much  larger  than  in  the  black.  In  addition  to 
the  above-named  bodies,  common  to  the  two  kinds  of  mustard, 
each  kind  of  seed  contains  a  glucoside  peculiar  to  itself.  The  gluco- 
side  of  white  mustard  is  preferably  called  sinalbin ;  but  has  also 
been  described  under  the  names  of  sinapin,  sinapine  sulpho- 
cyanide,  and  sulpho-sinapisin.  The  glucoside  of  black  mustard 
has  been  termed  sin-nigrin  or  sinigrin,  but  is  more  frequently 
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alluded  to  as  myronic  acid,  which  exists  in  the  seed  as  a  potassium 
salt.  Under  the  influence  of  the  nitrogenised  ferment  my  rosin, 
both  sinalbin  and  sinigrin  are  decomposed,  glucose  being  formed 
in  each  case.  The  other  products  of  the  action  of  myrosin  on 
sinalbin  are  sinapine  sulphate  and  acrinyl  (j9.-hydroxy- 
benzyl)  iso-thiocyanate  or  thiocarbimide,  while  myronic 
acid  under  similar  treatment  yields  sulphuric  acid  and  allyl 
iso-thiocyanate  or  thiocarbimide  (mustard  oil).  The 
following  equations  represent  the  reaction  in  both  cases  :  — 

WHITE  MUSTARD  :  — 


Sinalbin.  Glucose.        Sinapine  sulphate.  Acrinyl 

thiocarbimide. 

BLACK  MU.STARD  :— 

C10H]9NS2010  =  C6H1206  +  H2S04  +  C3H5.NCS 
Myronic  acid.       Glucose.    Sulphuric          Ally! 

acid,      thiocarbimide. 

MYROSIN  is  the  soluble  proteid  ferment  or  enzyme  of  the  cruci- 
Jerce,  though  its  existence  is  probably  not  confined  to  plants  of 
this  order.1  Cruciferous  plants  abound  in  highly  complex  gluco- 
sides,  which,  under  the  influence  of  myrosin,  split  up  into  glucose 
and  various  sulphuretted  compounds,  among  which  iso-thiocyanates 
or  thiocarbimides  are  the  most  abundant  and  characteristic.  Thus 
black  mustard,  white  mustard,  and  mignonette  root  yield  respectively 
the  following  thiocarbimides  :  — 

Black  mustard  ;  Allyl  thiocarbimide,  .  .  .  C3H5.NCS 
White  mustard  ;  Acrinyl  thiocarbimide,  .  .  C7H7O.NCS 
Mignonette  root  ;  Phenyl-ethyl  thiocarbimide,  C2H4(C6H5).NCS 

Allyl  thiocarbimide  is  also  yielded  by  rape-seed,  but  (according 
to  Ritthausen)  not  by  turnip-seed.  Other  plants  of  the  order, 
such  as  raddish,  cabbage  and  swede,  also  yield  sulphuretted  oils 
which  are  not  improbably  thiocarbimides,  though  their  exact  nature 
is  not  known. 

Myrosin  is  prepared  by  extracting  ground  white  mustard  seed 
with  cold  water,  concentrating  the  filtered  liquid  to  a  syrup  below 
40°  C.,  and  then  precipitating  the  myrosin  by  the  minimum 
quantity  of  strong  alcohol.  The  precipitate  is  washed  with  alcohol 

1  Besides  being  present  in  Sinapis  nigra  and  S.  alba,  myrosin  is  contained  in 
the  seeds  of  Raphanus  sativus,  Brassica  napus,  B.  oleracea  and  B.  campestris, 
Alliaria  offieinalis,  Cheiranthus  cheiri,  Draba  verna,  Cardamine  pratensis  and 
C.  amara,  and  Thlaspi  arvense.  The  localisation  of  myrosin  in  the  seed  has 
been  the  subject  of  an  elaborate  research  by  Guignard  (see  Pharm.  Jour,, 
[3],  xxiii.  992). 
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until  the  filtrate  is  no  longer  coloured  yellow  by  ammonia,  nor 
reddened  by  ferric  chloride  even  after  addition  of  water.  Thus 
obtained,  myrosin  is  soluble  in  cold  water  to  form  a  transparent, 
colourless,  viscous  liquid,  which  froths  on  agitation. 

The  aqueous  solution  of  myrosin  behaves  in  the  main  like  one 
of  albumin.  It  is  coagulated  by  heat  and  by  excess  of  alcohol, 
and  thereby  loses  its  power  of  decomposing  myronic  acid ;  but  is 
said  to  recover  this  by  immersion  in  water  for  a  day  or  two. 
Myrosin  does  not  act  on  amygdalin,  the  glucoside  of  bitter 
almonds.  Its  action  on  myronic  acid  and  other  glucosides  of  the 
Crucifercs  is  remarkable  in  not  involving  either  elimination  or 
assimilation  of  the  elements  of  water.  The  most  favourable 
temperature  for  the  action  of  myrosin  is  a  little  below  50°  C. 
Above  that  point  it  is  less  powerful,  and  is  coagulated  and  rendered 
inactive  at  about  70°.  The  fermentation  is  at  once  arrested  by  the 
addition  of  0'3  per  cent,  of  hydrochloric  acid. 

Myrosin  is  probably  the  ferment  of  all  cruciferous  seeds,  but 
the  glucosides  of  different  species  vaiy  considerably  in  their 
susceptibility  to  the  action  of  the  ferment.  Thus  the  glucoside 
of  turnips  (Brassica  napus)  is  very  slowly  acted  on  by  the  ferment 
co-existing  with  it  in  the  seeds,  which  ferment  affects  the  glucoside 
of  Raphanus  sativus  much  more  energetically  and  decomposes 
myronic  acid  as  readily  as  does  the  myrosin  natural  to  mustard. 
(W.  J.  Smith,  Zeit.  pliysiol.  Chem.,  xii.  419;  abst.  Jour.  Chem. 
Soc.,  liv.  869  ;  and  Pharm.  Jour.,  [3],  xviii.  1087.) 

It  is  remarkable  that  the  amount  of  myrosin  contained  in  black 
mustard  seed  is  usually  insufficient  to  act  on  all  the  glucoside 
present,  whereas  the  myrosin  of  white  mustard  seed  is  more  than 
sufficient  to  transform  all  the  sinalbin  co-existent  with  it.  From 
this  it  follows  that  a  greater  yield  of  the  volatile  oil  of  mustard 
(allyl  thiocarbimide)  will  be  obtained  from  a  mixture  of  black 
with  white  mustard  than  from  black  mustard  only,  although  white 
mustard  itself  yields  mere  traces  of  volatile  oil  (see  page  111). 
Hence  for  making  mustard  plasters,  &c.,  the  British  Pharmacopoeia 
(1885)  prescribes  the  use  of  a  mixture  of  (ground)  black  and 
white  mustard  seeds,  but  neglects  to  state  the  proportions  in  which 
they  are  to  be  mixed.  The  proportion  of  myrosin  contained  in 
white  mustard  seed  is  commonly  stated  at  about  19  per  cent.; 
the  amount  in  black  mustard  is  very  variable,  being  said  to  range 
from  2  to  1 8  per  cent.  These  figures  must,  however,  be  accepted 
with  much  caution. 

Guignard  has  further  found  (sibsi.  Pharm.  Jour.,  [3],  xxv.  541) 
that  myrosin  (or,  at  any  rate,  a  ferment  decomposing  myronic  acid) 
is  not  only  present  in  the  Cruciferce  but  exists  also  in  Limnanthacece, 
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Tropceolacew,  Residacem,  and  Papayacem,  and  is  found  in  the  roots, 
steins,  leaves,  and  seeds.  The  wing  of  limaria  seed  contains  it  in 
abundance. 

SINALBIN,  C30H44N2S2016,  is  the  glucoside  of  white  mustard 
seed,  and  is  probably  present  to  a  limited  extent  also  in  the  seeds 
of  black  mustard. 

For  the  isolation  of  sinalbin,  white  mustard  seed  should  be 
finely  ground,  and  thoroughly  freed  from  fixed  oil  by  pressure 
and  treatment  with  benzol  or  carbon  disulphide.  The  powder  is 
then  exposed  to  the  air  till  the  solvent  has  evaporated,  and  then 
added  to  four  times  its  weight  of  boiling  methylated  spirit.  The 
liquid  is  boiled  under  a  reflux  condenser  for  half  an  hour,  to  com- 
plete the  coagulation  of  the  my  rosin,  and  then  filtered  boiling  hot. 
On  cooling  and  standing,  sinalbin  crystallises  out,  the  accompany- 
ing salts  of  sinapine  remaining  in  solution.  The  crystals  are 
separated,  washed  with  carbon  disulphide,  dissolved  in  a  minimum 
of  warm  water,  the  solution  decolorised  by  animal  charcoal, 
filtered,  and  the  sinalbin  reprecipitated  by  excess  of  strong 
alcohol.  It  is  then  recrystallised  from  boiling  spirit. 

Thus  prepared,  sinalbin  forms  small  pearly  needles  of  a  faint 
yellowish  tint.  When  heated  it  melts  to  a  yellow  liquid,  which 
at  a  higher  temperature  decomposes  with  evolution  of  fumes  of 
disagreeable  odour.  Sinalbin  is  readily  soluble  in  water,  and 
dissolves  in  about  3  parts  of  boiling  rectified  spirit  ;  but  is  only 
sparingly  soluble  in  cold  absolute  alcohol.  In  ether  and  carbon 
disulphide  it  is  insoluble. 

Sinalbin  solutions  are  neutral  to  litmus,  and  optically  inactive. 
They  reduce  Fehling's  solution  with  precipitation  of  cuprous  sul- 
phide. Mercuric  chloride  gives  a  white  crystalline  precipitate  of 
a  mercury  compound  of  sinapine,  glucose  being  formed.  Silver 
nitrate  produces  a  white  precipitate,  while  the  strongly  acid 
filtrate  contains  sinapine  and  dextrose.  The  precipitate  is  decom- 
posed by  sulphuretted  hydrogen  with  formation  of  sinapine  sul- 
phate and  acrinyl  cyanide.  Caustic  alkalies,  even  in  traces, 
colour  solid  sinalbin  intensely  yellow,  which  nitric  acid  changes 
to  blood-red.  Sinalbin  gives  no  precipitate  with  barium  chloride. 

The  most  interesting  and  characteristic  reaction  of  sinalbin  is  that 
with  myrosin,  or  with  a  cold  aqueous  extract  of  white  mustard, 
which  rapidly  converts  it  into  dextrose,  sinapine  sulphate,  and 
acrinyl  iso-thiocyanate  or  thiocarbimide,  thus  :  — 


When  boiled  with  caustic  soda,  sinalbin  yields  sodium  sulphate 
and  thiocyanate. 
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SINAPINE,  C16H23N05,  exists  as  thiocyanate  in  white  (and  black) 
mustard  seed,  and  the  sulphate  results  from  the  decomposition  of 
sinalbin  by  the  action  of  myrosin  (see  above).  For  its  prepara- 
tion, R  ems  en  and  Co  ale  (Amer.  Chem.  Jour.,  vi.  50)  recommend 
that  100  Ibs.  of  white  mustard  seed  should  be  pressed  to  separate 
oil,  and  extracted  with  alcohol.  The  filtered  and  concentrated 
liquid  is  mixed  with  a  small  quantity  of  an  alcoholic  solution  of 
potassium  thiocyanate,  when  crystals  of  sinapine  thiocyanate 
slowly  separate.  Remsen  and  Coale  obtained  a  yield  of  80 
grammes  of  the  salt,  and  consider  their  method  superior  to  that 
of  Bab  o  and  Hirschbrum,  who  have  described  a  similar  pro- 
cess (Annalen,  Ixxxiv.  10). 

To  obtain  the  free  base,  an  aqueous  solution  of  sinapine  thio- 
cyanate should  be  treated  with  silver  sulphate  in  known  amount, 
and  the  liquid  filtered  from  the  silver  thiocyanate  treated  with 
baryta-water  in  quantity  just  sufficient  to  precipitate  the  sulphate. 
The  filtered  liquid  is  an  aqueous  solution  of  sinapine.  The  base 
cannot  be  obtained  in  a  solid  state.  On  evaporating  the  aqueous 
solution  it  is  decomposed  with  great  facility  into  sinapic  acid1 
and  choline:  — 


=  CUH1206+C6H15N02. 

The  aqueous  solution  of  sinapine  has  an  intense  yellow  colour. 
It  is  strongly  alkaline,  and  precipitates  solutions  of  copper  (green), 
mercury  (brown),  and  silver  (brown). 

Sinapine  forms  crystallisable  salts  with  acids.  The  sulphate, 
B,H2S04+2  aqua,  forms  rectangular  plates,  or  slender  monoclinic 
prisms,  easily  soluble  in  water  and  boiling  alcohol  to  form  solu- 
tions of  an  acid  reaction.  It  may  be  obtained  by  adding  sulphuric 
acid  to  an  alcoholic  solution  of  the  thiocyanate.  The  nitrate  and 
hydrochloride  crystallise  in  needles  very  readily  soluble  in  water. 
On  adding  mercuric  chloride  to  the  solution  of  the  latter  salt, 
B,HHgCl3  is  precipitated  in  brilliant  needles,  sparingly  soluble  in 
cold  water,  but  readily  soluble  in  boiling  water. 

Sinapine  Thiocyanate,  CjgHggNOgjHCNS,  exists  ready-formed 
in  white  mustard  seeds.  It  crystallises  in  colourless  needles, 
which  are  yellow  if  impure,  but  become  colourless  in  presence  of 
a  trace  of  free  acid.  The  salt  melts  at  176°,  and  is  only  sparingly 

1  Sinapic  acid  has  probably  the  constitution  of  butylene-gallic 
acid,  C4H8:02:C6H2(OH).COOH.  It  is  best  prepared  by  boiling  sinapine 
thiocyanate  with  baryta-water,  filtering,  and  decomposing  the  washed  pre- 
cipitate of  barium  sinapate  with  dilute  sulphuric  or  hydrochloric  acid. 
When  recrystallised  from  alcohol  and  water,  the  sinapic  acid  melts  at  186° 
to  192°.  Its  salts  have  not  been  obtained  crystallised. 
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soluble  in  cold  water  or  alcohol,  but  dissolves  readily  on  heating. 
The  solutions  give  a  red  coloration  with  ferric  chloride. 

Sinalbin  Mustard  Oil,  C6H4(OH).CH2.NCS,  has  the  constitution 
of  acrinyl  or  para-hydroxybenzyl  iso-thiocyanate 
(thiocarbimide).  It  is  produced,  together  with  sinapine  sulphate 
and  dextrose,  by  the  action  of  my  rosin  on  sinalbin  (page  103). 
It  may  be  obtained  by  removing  the  fixed  oil  from  ground  white 
mustard  seed  by  benzol  or  carbon  disulphide,  and  treating  the 
residue  with  cold  water.  The  glucose,  sinapine  sulphate,  and 
myrosin  dissolve,  while  the  sinalbin  mustard  oil  remains  with  the 
insoluble  matter,  from  which  it  may  be  extracted  by  treatment 
with  ether.  Acrinyl  thiocarbimide  is  a  yellow  oily  liquid,  having 
a  very  pungent,  burning  taste.  It  readily  produces  blisters  on 
the  skin,  but  is  not  so  powerful  a  vesicant  as  allyl  thiocarbimide, 
the  volatile  oil  of  black  mustard.  The  odour  of  mustard  is  not 
apparent  till  the  oil  is  warmed,  and  the  compound  is  but  slightly 
volatile  even  in  a  current  of  steam.  It  is  insoluble  in  water,  but 
dissolves  readily  in  alcohol  and  in  ether.  It  also  dissolves  in 
caustic  alkalies,  after  which  treatment,  but  not  previously,  the 
acidulated  solution  gives  a  red  coloration  with  ferric  chloride. 
Sinalbin  mustard  oil  has  been  obtained  synthetically  by  H. 
Salkowski  (Ber.,  xxii.  2384),  by  treating  para-hydroxybenzyl- 
amine  with  carbon  disulphide,  and  the  resultant  compound  with 
mercuric  chloride.  Like  the  corresponding  allyl  compound,  acrinyl 
thiocarbimide  readily  loses  sulphur  with  formation  of  the  nitril  of 
para-hydroxyphenyl-acetic  acid,  a  body  melting  at  69°,  soluble  in 
alcohol,  ether,  or  warm  water,  and  decomposed  by  boiling  caustic 
soda  with  evolution  of  ammonia  and  formation  of  ortho-hydroxy- 
phenyl-acetic  acid,  C6H4(OH).CH2.COOH.  This  is  a  substance 
crystallising  in  colourless  prisms,  melting  at  144*5°,  and  soluble 
in  alcohol,  ether,  and  hot  water.  Its  barium  and  calcium  salts 
form  crystals  only  sparingly  soluble  in  cold  water  (see  Will  and 
Laubenheimer,  1880,  Annalen,  cxcix.  150;  abst.  Jour.  Cham. 
Soc.,  xxxviii.  265;  also  H.  Salkowski,  Ber.,  xxii.  2137;  abst. 
Jour.  diem.  Soc.,  Ivi.  1173). 

MYBONIC  ACID  or  SINIGRIN,  C10H19NS2010,  is  the  glucoside  of 
black  mustard  seeds.  It  is  best  prepared  by  finely  powdering 
black  mustard  seed,  expressing  as  much  of  the  fixed  oil  as  pos- 
sible, and  extracting  the  remainder  by  treatment  with  benzol.1 
The  residue  is  re-powdered,  and  added  gradually  to  3  or  4  parts 
of  boiling  methylated  spirit  to  render  the  myrosin  insoluble. 
The  liquid  is  boiled  for  half  an  hour,  and  then  evaporated  to  dry- 

1  The  preliminary  removal  of  the  fixed  oil  by  pressure  and  treatment  with 
benzol  is  not  essential. 
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ness  at  100°.  The  residue  is  re-powdered  and  extracted  with 
cold  water,  which  dissolves  out  the  potassium  myronate.  The 
filtered  liquid  is  evaporated  with  addition  of  a  little  barium  car- 
bonate, the  residue  extracted  with  boiling  methylated  spirit,  and 
the  liquid  filtered  while  hot.  On  standing  for  some  days,  potas- 
sium myronate  crystallises  out  in  long  silky  needles,  which  may 
be  purified  by  recrystallisation  from  boiling  alcohol. 

Free  myronic  acid  may  be  obtained  by  mixing  saturated  aqueous 
solutions  of  100  parts  of  potassium  myronate  and  of  38  parts  of 
tartaric  acid,  and  adding  4  or  5  measures  of  alcohol.  The  acid 
potassium  tartrate  which  crystallises  out  is  removed  by  filtration, 
and  the  nitrate  evaporated  to  a  syrup. 

Thus  obtained,  myronic  acid  forms  an  odourless,  bitter,  sour 
syrup.  It  has  a  strong  acid  reaction,  and  is  readily  soluble  in 
water  and  alcohol,  but  is  insoluble  in  ether. 

Myronic  acid  is  very  unstable.  It  is  readily  decomposed  when 
heated,  and  even  the  dilute  aqueous  solution  evolves  sulphuretted 
hydrogen  when  boiled  for  some  time.  Boiling  baryta-water  de- 
composes it  with  precipitation  of  barium  sulphate  and  formation 
of  allyl  iso-thiocyanate.  Caustic  soda  and  potash  gives  allyl  sul- 
phide, thiocyanate  and  cyanide,  with  ammonia  and  glucose.  Con- 
centrated hydrochloric  acid  sets  free  sulphuric  acid.  When  myronic 
acid  is  treated  with  zinc  and  dilute  hydrochloric  acid,  half  the 
sulphur  is  evolved  as  sulphuretted  hydrogen,  the  solution  then 
containing  glucose,  sulphuric  acid,  and  ammonia.  Dilute  acids 
act  similarly  but  more  gradually. 

The  most  interesting  reaction  of  myronic  acid  is  that  with 
myrosin,  the  soluble  albuminous  ferment  of  mustard  seed.  When 
treated  in  aqueous  solution  with  this  substance,  an  odour  of 
mustard  oil  is  developed  in  a  few  minutes,  and  after  some  hours 
complete  decomposition  occurs  with  formation  of  glucose,  sul- 
phuric acid,  and  allyl  thiocarbimide  or  iso-thiocyanate 
(page  107).  The  same  reaction  occurs  on  mixing  ground  black 
mustard  seeds  with  water,  according  to  the  following  equation : — 

C10H18KNS2010  =  C6H1206 + KHS04  +  C^.NCS.1 

Myronic  acid  forms  a  series  of  colourless,  odourless  salts,  nearly 
all  of  which  are  soluble,  while  those  of  some  of  the  light  metals 
are  crystallisable. 

Potassium  Myronate,  KC10H19NS2010,  exists  in  black  mustard 

1J.  Attfield  (Manual  of  Chemistry,  General,  Medical,  and  Pharma- 
ceutical) gives  KoCaoHggl^SjOjg  as  the  formula  of  potassium  myronate,  and 
represents  potassium  hydrogen  sulphite  (not  sulphate)  as  being  formed  in  the 
reaction. 
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seed,  and  may  be  isolated  therefrom  by  the  process  already  de- 
scribed. The  yield  is  only  about  0'5  per  cent.  The  salt  crystal- 
lises from  alcohol  in  concentrically  arranged  groups  of  silky 
needles,  and  from  water  in  short,  glassy,  anhydrous  rhombic 
prisms.  Potassium  myronate  has  a  cooling  bitter  taste,  a  neutral 
reaction,  and  dissolves  very  readily  in  water,  sparingly  in  weak 
spirit,  and  is  nearly  insoluble  in  absolute  alcohol.  It  is  not 
dissolved  by  ether,  chloroform,  or  benzene. 

The  reactions  of  potassium  myronate  are  the  same  as  those  of 
myronic  acid.  When  an  aqueous  solution  of  the  salt  is  mixed 
with  a  cold  aqueous  extract  of  white  mustard,  the  liquid  rapidly 
becomes  turbid,  acquires  an  acid  reaction,  and  evolves  an  odour  of 
mustard  oil.  The  solution  then  contains  dextrose  and  a  sulphate. 
The  turbidity  is  due  to  separation  of  sulphur  and  of  an  organism 
resembling  yeast.  A  similar  decomposition  of  potassium  myronate 
is  not  induced  by  treatment  with  emulsin  or  an  aqueous  extract 
of  bitter  almonds,  by  saliva,  nor  by  yeast. 

With  neutral  lead  acetate,  potassium  myronate  gives  a  yellowish- 
white  precipitate,  soluble  in  acetic  acid.  Mercurous  nitrate  gives 
a  similar  precipitate,  which  is  decomposed  by  heat  with  formation 
of  mustard  oil. 

On  treating  a  solution  of  potassium  myronate  with  silver  nitrate, 
nitric  acid  is  set  free  and  a  white  curdy  precipitate  formed,  the 
reaction  being  apparently  represented  by  the  equation  :  — 

C10H18KNS2010+  2AgN03  =  C4H5Ag2NS204+  C6H1206+ 


The  silver  compound,  when  heated  either  alone  or  with  water, 
yields  silver  sulphate  and  mustard  oil,  silver  sulphide  and  croto- 
nitril  being  also  formed.  If  decomposed  by  sulphuretted  hydrogen, 
the  silver  compound  also  yields  the  two  latter  products,  together 
with  sulphuric  acid  and  free  sulphur  :  — 

C4H5Ag2NS204+  H2S  =  C4H5N  +  Ag2S  +  H2S04+  S. 

Myronic  acid  is  absent  from  the  seeds  of  white  mustard,  but  is 
present  in  rape  seed  (Brassica  rapa).  According  toRitthausen 
(Jour,  prakt.  CJiem.,  [2],  xxiv.  273),  it  does  not  exist  in  turnip 
seed  (B.  napus),  but  apparently  some  analogous  compound  is 
present  which  yields  a  volatile  sulphur  compound  distinct  from 
oil  of  mustard  when  the  ground  seeds  are  treated  with  water. 

VOLATILE  OIL  OF  MUSTARD  has  the  constitution  of  allyl  iso- 
thiocyanate  or  allyl  thiocarbimide  :  —  Cgllg.NCS.1  As 

1  When  allyl  iodide  is  heated  with  the  thiocyanate  of  potassium  or  silver, 
allyl  thiocyanate  is  formed.     This  body  is  a  colourless,  oily  liquid, 
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already  explained,  it  does  not  exist  ready-formed  in  the  mustard 
seed,  but  is  a  product  of  the  action  of  the  ferment  myrosin  on 
myronic  acid,  a  glucoside  existing  in  black  mustard  seed,  and  in 
smaller  quantities  in  the  seeds  of  some  other  cruciferous  plants. 
Myronic  acid  does  not  exist,  at  least  in  sensible  quantity,  in  the 
seed  of  white  mustard,  and  hence  no  appreciable  quantity  of  allyl 
thiocarbimide  is  obtainable  from  the  latter  source.  In  place  of  it 
white  mustard  yields  acrinyl  thiocarbimide  (page  105),  which  is 
acrid  and  pungent  to  the  taste,  but  practically  non-volatile. 

Allyl  iso-thiocyanate  is  a  colourless  liquid,  having  a  specific 
gravity  of  1-018  at  15°,  or  of  1'036  at  0°  C.  It  boils  at  148°-150° 
C.,  and  distils  readily  in  a  current  of  steam.  Allyl  thiocarbimide 
smells  powerfully  of  mustard,  and  the  vapour  excites  tears.  It  has 
a  burning,  mustard-like  taste,  and  rapidly  blisters  the  skin.  It  is 
slightly  soluble  in  water,  and  readily  soluble  in  alcohol,  ether,  and 
carbon  disulphide,  the  solutions  being  neutral  in  reaction  and 
optically  inactive.  On  exposure  to  light,  mustard  oil  gradually 
becomes  yellow,  and  gives  a  deep  yellow  deposit  which  contains 
sulphur  and  nitrogen,  and  closely  resembles  "  pseudo-sulpho- 
cyanogen." 

When  oil  of  mustard  is  boiled  for  some  time  with  water  in  a 
flask  furnished  with  a  condensing  arrangement,  a  light,  ethereal- 
smelling  oil  passes  over,  which  has  been  identified  by  Will  as 
crotonitril  (allyl  cyanide),  C3H5.CN,  and  is  evidently 
formed  from  the  mustard  oil  by  the  loss  of  sulphur.  This  decom- 
position-product is  said  to  occur  in  commercial  oil  of  mustard  in 
proportions  which  may  reach  50  per  cent. 

When  mustard  oil  is  treated  with  excess  of  ammonia,  thiosina- 
mine  or  allyl-thio-carbamide,  CS.X2H3(C3H5)  is  formed.1 
This  reaction  is  utilised  for  the  determination  of  mustard  oil. 

having  an  odour  at  once  suggesting  that  of  garlic  and  of  hydrocyanic  acid. 
When  heated,  it  commences  to  boil  at  161°,  but  the  temperature  soon  falls,  and 
an  intense  odour  of  mustard  oil  is  observed,  and  if  the  boiling  be  continued 
till  the  temperature  falls  to  148°-149°,  the  thiocyanate  is  found  to  have  suf- 
fered complete  conversion  into  the  isomeric  iso-thiocyanate,  or  mustard  oil : — 
C3H5.S.CN"  =  C3H5.N.SC.  This  molecular  transposition  takes  place  gradu- 
ally at  the  ordinary  temperature,  and  is  the  more  remarkable  from  the  fact 
that  the  other  ethereal  salts  ofthiocyanic  acid  are  very  stable  compounds 
showing  no  disposition  to  undergo  similar  molecular  change. 

1  THIOSINAMINE  is  best  prepared  by  treating  mustard  oil  with  three  to 
four  times  its  measure  of  strong  ammonia,  and  then  passing  ammonia  gas 
through  the  liquid  till  saturated.  The  new  body  is  deposited  in  glistening 
crystals.  Thiosinamine  is  an  odourless  substance  which  melts  at  74°  C.  to 
an  oily  liquid,  which  solidifies  some  time  after  cooling.  It  dissolves  some- 
what sparingly  in  cold  water,  but  readily  on  heating,  and  is  deposited  again 
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When  treated  with  recently  precipitated  lead  hydroxide,  thio- 
sinamine  is  converted  into  allyl  cyanamide  or  sinamiiie, 
CN.NH(C3H5),  a  substance  of  extremely  bitter  taste  and  strong 
alkaline  reaction,  which  decomposes  ammoniacal  salts,  precipitates 
many  metallic  solutions,  and  combines  with  mercuric  and  platinic 
chlorides. 

Mustard  oil  mixes  with  strong  sulphuric  acid  without  great 
coloration,  but  decomposition  subsequently  ensues.  Heated  in 
alcoholic  solution  with  zinc  and  hydrochloric  acid,  mustard  oil 
evolves  sulphuretted  hydrogen  and  methane,  and  forms  allyl- 
amine,  C3H5.H2N.  Boiled  with  caustic  soda  and  a  little  lead 
acetate,  oil  of  mustard  yields  black  lead  sulphide.  When  heated 
with  strong  nitric  acid  or  bromine,  oil  of  mustard  yields  a  number 
of  products,  among  which  sulphuric  acid  may  be  recognised  by 
diluting  largely  and  adding  barium  chloride.  Several  methods  of 
determining  small  quantities  of  mustard  oil  have  been  based  on 
the  formation  of  sulphate  by  treatment  with  oxidising  agents. 

Oil  of  mustard  is  occasionally  prepared  artificially  by  distilling 
allyl  sulphate  or  allyl  iodide,  C3H5I,  with  potassium  thiocyanate. 
A  sample,  probably  prepared  in  the  former  manner,  was  found  by 
E.  Mylius  to  contain: — Allyl  iso-thiocyanate,  92'2  per  cent.; 
carbon  disulphide,  0'8  per  cent. ;  hydrocyanic  acid,  "02  per  cent. ; 
polysulphides  (chiefly  allyl  trisulphide),  4*0  per  cent. ;  and  non- 
volatile bodies  containing  both  nitrogen  and  sulphur,  3'0  per  cent. 
According  to  C.  Schacht,  this  must  have  been  an  exceptionally 
impure  sample. 

on  cooling  in  tufts  of  monoclinic  needles.  In  alcohol  and  ether,  thiosinamine 
is  readily  soluble.  Allyl-thio-carbamide  or  allyl-thio-urea  has  the  characters 
of  a  weak  base,  and  resembles  urea  and  other  carbamides  in  combining  with 
salts.  Taken  in  moderate  doses  it  occasions  palpitation  and  sleeplessness, 
while  ammonium  thiocyanate  is  found  in  the  urine. 

Thiosinamine  is  oxidised  by  nitric  acid,  but  boiling  with  the  concentrated 
reagent  even  for  thirty  minutes  does  not  suffice  to  convert  the  whole  of  the 
sulphur  into  the  form  of  sulphate.  On  adding  silver  nitrate  to  an  aqueous 
solution  of  thiosinamine,  a  white  curdy  precipitate  is  formed,  soluble  in 
excess  of  the  base  but  permanent  in  presence  of  excess  of  the  silver  salt.  The 
precipitate  is  readily  soluble  in  alcohol.  Mercuric  chloride  reacts  similarly 
with  thiosinamine.  Platinic  chloride  produces  in  solutions  of  thiosinamine 
a  curdy,  orange-yellow  precipitate,  insoluble  in  cold  water  or  in  excess  of 
thiosinamine.  In  hot  water  it  melts,  rising  to  the  surface  before  dissolving, 
and  on  cooling  separates  as  a  sticky  mass,  which  is  readily  soluble  in  alcohol. 
Mayer's  reagent  gives  with  thiosinamine  a  dirty  white  precipitate,  which,  in 
a  few  hours  at  the  ordinary  temperature  or  immediately  on  heating,  forms 
oily  drops.  Nessler's  solution  yields  an  insoluble  yellow  precipitate.  Picric 
acid  does  not  precipitate  thiosinamine,  except  from  strong  solutions. 
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The  purity  of  commercial  oil  of  mustard  may  be  tested  in  the 
following  manner : — If  two  or  three  drops  of  the  sample  be 
allowed  to  fall  on  cold  water,  they  should  sink  to  the  bottom  on 
very  slight  agitation  and  should  remain  perfectly  clear.  A  slight 
admixture  with  petroleum-spirit  causes  the  drops  to  remain  at  the 
surface.  If  the  oil  contain  5  per  cent,  of  ethylic  alcohol  or  amylic 
alcohol,  the  drops  will  become  opalescent.  One  c.c.  of  the  oil, 
when  heated  in  a  shallow  dish  to  40°-50°  C.  for  two  hours,  should 
volatilise  without  residue  ;  thus  proving  the  absence  of  fatty  oils, 
phenol,  nitrobenzene,  oil  of  cloves,  &c. 

According  to  Hager  (Year- Book  Pharm.,  1880,  page  85),  a 
solution  of  10  drops  of  mustard  oil  in  4  c.c.  of  pure  absolute 
alcohol,  when  mixed  with  2—3  c.c.  of  strong  solution  of  ammonio- 
sulphate  of  copper  (prepared  by  adding  ammonia  to  a  saturated 
aqueous  solution  of  copper  sulphate  until  the  precipitate  is  re- 
dissolved),  produces  an  ultramarine-blue  precipitate,  which  should 
not  change  its  colour.  In  the  presence  of  a  trace  of  carbon 
bisulphide,  the  precipitate  first  turns  violet-brown,  and  then 
gradually  changes  to  reddish-brown.  The  presence  of  amyl 
alcohol,  phenol,  or  oil  of  cloves  would  also  cause  a  change  of 
colour.  According  to  the  same  authority,  carbolic  acid  is  best 
detected  in  mustard  oil  by  shaking  the  sample  with  water  for 
some  time,  allowing  it  to  stand  for  fifteen  minutes,  filtering,  and 
testing  the  filtrate  with  a  few  drops  of  solution  of  ferric  chloride, 
which,  in  the  presence  of  the  adulterant,  will  produce  a  blue 
coloration.  Or  the  sample  may  be  diluted  with  five  times  its 
measure  of  alcohol,  and  a  drop  of  tincture  of  ferric  chloride 
added,  when,  in  presence  of  phenols,  a  blue  or  violet  colour  will 
be  produced. 

The  United  States  Pharmacopoeia  (1890)  gives  the  following 
additional  tests  for  commercial  oil  of  mustard : — 

If  3  grammes  of  the  oil  be  gradually  treated  with  6  grammes 
of  sulphuric  acid,  the  liquid  being  kept  cool,  the  mixture  on  sub- 
sequent agitation  wrill  evolve  sulphur  dioxide,  but  will  remain  of 
a  light  yellow  colour,  and  at  first  practically  clear,  becoming  after- 
wards thick  and  occasionally  crystalline,  while  the  pungent  odour 
of  the  oil  will  disappear. 

The  oil  should  distil  completely  between  148°  and  150°  C., 
and  both  the  first  and  last  fractions  of  the  distillate  should  have 
the  same  specific  gravity  as  the  original  oil  (absence  of  crotonitril, 
alcohol,  chloroform,  carbon  disulphide,  petroleum,  or  fatty 
oils). 

If  a  mixture  of  3  grammes  of  the  oil  with  an  equal  weight  of 
alcohol  be  shaken  in  a  small  flask  with  6  grammes  of  ammonia 
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(sp.  gr.,  0'960)  it  will  become  clear  on  standing  for  some  hours, 
or  rapidly  if  warmed  to  50°  C.,  and  will  usually  deposit,  without 
becoming  coloured,  crystals  of  thiosinamine  (page  108).  To  deter- 
mine the  amount  of  this  body  obtainable  from  the  sample,  the 
mother-liquor  should  be  decanted  from  the  crystals  and  gradually 
evaporated  in  a  flat  dish  on  the  water-bath,  adding  fresh  portions 
of  the  liquid  only  after  the  ammoniacal  odour  of  each  preceding 
portion  has  disappeared.  The  crystals  are  then  rinsed  out  of  the 
ilask  with  a  little  alcohol  and  added  to  the  concentrated  mother- 
liquor,  which  is  then  evaporated  to  dryness  on  the  water-bath  and 
dried  till  constant.  The  residue  of  thiosinamine  forms  on  cooling 
a  brownish  crystalline  mass,  melting  at  70°  C.,  and  having  a  leek- 
like  but  not  a  pungent  odour.  The  yield  from  3  grammes  of 
mustard  oil  should  not  be  less  than  3*25  (=  108'3  per  cent.)  nor 
more  than  3'50  (  =  116*7)  grammes.1 

F.  A.  Fluckiger  (Jour.  Soc.  Chem.  Ind.,  viii.  472)  has  also 
shown  that  the  ferric  thiocyanate  reaction  cannot  be  employed  for 
the  purpose  of  detecting  carbon  disulphide  in  mustard  oil,  since 
pure  mustard  oil,  warmed  with  a  little  alcohol  and  ammonia,  and 
the  excess  of  ammonia  removed  by  heating  in  the  water-bath, 
gives  ammonium  thiocyanate,  which  would,  of  course,  give  the  red 
coloration  -with  ferric  chloride. 

Cruciferous  seeds  all  yield  traces  of  allyl  thiocarbimide  or 
closely  allied  compounds  on  treatment  with  water,  but  the  quan- 
tity is  very  minute,  except  in  the  case  of  black  mustard  seeds. 
Thus  V.  Dircks  (abst.  Jour.  Chem.  Soc.,  1883,  245)  obtained 
from  black  mustard-seed  cake  1*39  per  cent,  of  volatile  oil;  from 
yellow  mustard  cake,  0'018;  from  rape-seed  cake,  0'020-0'109 
(the  proportion  of  oil  apparently  decreasing  with  the  age  of  the 
cake);  from  rape  seeds,  0'018-0'037  ;  from  turnip  seeds,  0'038; 
and  from  the  seeds  of  Sinapis  arvensis,  O'OOG  per  cent,  of  volatile 
oil.  Mustard-seed  cake  is  highly  irritating  to  cattle,  and  mustard 
should  be  rigidly  excluded  from  cattle  foods.  Hence  the  deter- 
mination of  the  mustard  oil  in  seed  cakes  is  sometimes  of  consider- 
able practical  importance. 

For  the  determination  of  the  pungent  volatile  oil  in  cruciferous 
seeds  and  seed  cakes  several  methods  have  been  proposed,  depend- 
ing on  the  distillation  of  the  separation  of  the  volatile  oil  from 

1  F.  A.  Fluckiger,  to  whom  this  test  is  due,  obtained  from  pure  mus- 
tard oil  111,  112,  112-3.  and  1157  per  cent,  of  thiosinamine,  against  a 
theoretical  yield  of  1177  per  cent.  He  attributes  the  deficiency  to  an 
unavoidable  formation  of  thiocyanate,  but  this  product  is  reduced  to  a 
minimum  when  a  moderate  heat  is  used  and  the  least  possible  quantity  of 
ammonia  is  employed. 
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fixed  matters  by  distillation  in  a  current  of  steam,  and  its  subse- 
quent conversion  into  some  definite  and  readily-weighed  sulphur 
compound.  The  plan  usually  adopted  is  to  mix  the  crushed  seeds 
or  oil-cake  with  about  ten  times  its  weight  of  cold  or  slightly 
warm  water,  allowing  it  to  stand  for  a  time  varying  from  half  an 
hour  to  six  hours  (compare  footnote  on  page  116),  and  then  volatil- 
ising the  oil  formed  by  blowing  a  stream  of  open  steam  through 
the  flask.  V.  Dircks  (Landw.  Versuchs.  Stat.,  xxviii.  179; 
abst.  Jour.  Chem.  Soc.,  1883,  245),  however,  insists  on  the 
importance  of  adherence  to  certain  conditions  in  order  to  obtain 
satisfactory  results.  He  recommends  that  the  finely-powdered 
substance  should  be  mixed  with  ten  parts  of  water,  and  the 
mixture  allowed  to  stand  for  nine  hours  at  50°  C.,  this  being 
necessary  to  allow  of  the  easy  distillation  of  the  oil.  Steam 
and  air  are  then  blown  simultaneously  through  the  mixture, 
and  the  distillate  collected  in  an  alkaline  solution  of  potassium 
permanganate,  which  is  subsequently  treated  with  hydro- 
chloric acid  and  the  sulphate  formed  precipitated  as  barium 
sulphate. 

A.  Schlicht  (Zeits.  anal.  Chem.,  xxx.  661;  abst.  Jour.  Chem. 
/Soc.,  Ixii.  ii.  1035)  recommends  the  following  modified  process 
as  simple  and  trustworthy : — 

To  the  aqueous  distillate  containing  the  mustard  oil  are  added 
20  parts  of  potassium  permanganate  and  5  parts  of  caustic 
potash  or  caustic  soda  (which  reagents  must  be  free  from 
sulphates)  for  each  part  of  mustard  oil  supposed  to  be  present. 
The  mixture  is  shaken  for  some  time  in  a  closed  flask,  and  finally 
heated  nearly  to  boiling.  The  whole  of  the  sulphur  is  thus 
oxidised  to  sulphuric  acid.  After  cooling  the  solution  somewhat, 
5  c.c.  of  alcohol  should  be  added  for  every  gramme  of  perman- 
ganate previously  used.  By  these  means  the  whole  of  the  man- 
ganese is  precipitated.  The  mixture  is  then  completely  cooled, 
largely  diluted,  made  up  to  a  known  volume,  and  filtered. 
A  measured  portion  of  the  filtrate  is  slightly  acidified  with 
hydrochloric  acid,  and  treated  with  a  solution  of  iodine  in 
potassium  iodide  until  a  feeble  yellow  colour  remains  even 
after  warming.  This  reproduces  any  sulphuric  acid  which  may 
have  been  reduced  by  the  aldehyde,  and  also  removes  the  alde- 
hyde itself.1  The  sulphuric  acid  is  now  determined  by  precipita- 
tion with  barium  chloride,  and  the  weight  of  barium  sulphate 
multiplied  by  0'42492.  The  product  gives  the  amount  of  mustard 

1  The  reduction  of  sulphuric  acid  in  dilute  alkaline  solution  by  aldehyde 
is  higlily  improbable.  Addition  of  bromine- water  would  do  instantaneously 
and  certainly  what  Schlicht  effects  by  iodised  potassium  iodide. 
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oil.  Test  analyses  gave  results  varying  from  99*74  to  9 9 '9  5 
per  cent. 

G.  Ulex  (Zeits.  anal.  Chem.,  1883;  abst.  Chem.  News,  xlvii. 
249)  shakes  up  the  distillate  with  bromine  (free  from  sulphuric 
acid),  expels  the  excess  of  bromine  by  heat,  and  decolorises  the 
liquid  with  ammonia.  This  liquid  he  acidifies  with  hydrochloric 
acid,  niters,  and  precipitates  with  barium  chloride.  233  parts 
barium  sulphate  precipitated  represent  99  parts  of  mustard  oil. 

The  following  method  of  determining  volatile  mustard  oil  in  oil 
cake  has  been  devised  by  0.  Forster  (Jour.  Chem.  Soc.,  liv. 
1350): — 25  grammes  weight  of  the  powdered  substance  is  made 
into  a  thin  paste  with  water,  allowed  to  remain  for  half  an  hour,1 
and  then  heated  by  the  introduction  of  steam,  whereby  the  oil  is 
volatilised.  It  is  passed  into  a  condenser  connected  with  a  250  c.c. 
flask,  containing  50  c.c.  of  alcohol  saturated  with  ammonia,  the 
end  of  the  condenser  dipping  into  the  liquid.  When  a  volume  of 
about  150  c.c.  has  distilled,  the  liquid  is  allowed  to  remain  for 
twelve  hours  in  a  closed  vessel,  to  ensure  the  complete  conversion 
of  the  allyl  thiocarbimide  into  thiosinamine,  and  afterwards  brought 
to  boiling  in  a  beaker,  and  freshly  prepared  mercuric  oxide  2  is 
added  in  quantity  sufficient  to  combine  with  all  the  sulphur 
present.  The  mixture  is  then  again  boiled,  and  before  it  is  quite 
cold  potassium  cyanide  is  added  to  remove  all  excess  of  mercuric 
oxide  and  oxydimercurammonium  hydroxide.  The  mercuric  sul- 
phide is  then  collected  on  a  tared  filter,  dried,  and  weighed,  and 
the  weight,  multiplied  by  0'4266,  gives  the  amount  of  mustard 
oil. 

A  small  loss  may  occur,  since  potassium  myronate  in  presence 
of  myrosin  and  water  yields,  besides  mustard  oil,  small  quantities 
of  crotonitrile  and  free  sulphur,  which  remain  in  the  retort.  The 
extent  to  which  this  may  occur  can  be  estimated  by  preliminary 
experiments.  Other  volatile  compounds  may  be  formed,  but  with 
alcoholic  ammonia  and  mercuric  oxide  they  also  yield  mercuric 
sulphide.3 

1  F.  S  u  1 1  o  n  considers  that  at  least  an  hour  should  be  allowed. 

2  The  mercuric   oxide  employed  is  prepared  by  decomposing  25  c.c.  of  a 
4  per  cent,  solution  of  mercuric  chloride  with  caustic  potash  and  boiling 
the  mixture. 

3  Thus  diallyl  carbimide  and  diallyl  thiocarbimide  may  be  formed,  but  the 
sulphuretted  hydrogen  simultaneously  produced  reacts  with  the  mustard  oil 
to  form  carbon  disulphide  and  allylamine  or  diallyl  thiocarbimide  ;  but  the 
carbon  disulphide  reacts  with  the  alcoholic  ammonia  to  form  ammonium 
thiocarbonate,  which   by   treatment  with   mercuric   oxide  yields  mercuric 
sulphide. 
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COMMERCIAL  MUSTARD. 

The  mustard  of  commerce  should  consist  of  the  ground  seed  of 
white  or  black  mustard  (Stnapis  nigra  and  S.  alba),  or  of  a  mix- 
ture of  the  two,  which,  for  reasons  given  on  page  102,  is  prefer- 
able to  either  kind  separately.1  In  India,  Central  Asia,  and 
Southern  Eussia  the  seeds  of  Sinapis  juncea  are  used.  True 
mustard  seed  has  been  replaced  by  the  ground  seeds  of  charlock 
or  wild  mustard  (Brassica  campestris),  and  by  rape  seed  (Brassica 
napus). 

The  earliest  tolerably  complete  analyses  of  mustard  are  those 
published  by  A.  H.  Has  sail  (Food,  Water,  and  Air,  Feb.  1874), 
who  gave  the  following  as  the  composition  of  typical  samples  of 
brown  and  white  mustard  : — 


Moisture,     . 
Fixed  oil,     . 
Myronic  acid, 
Sinapine  thiocyanate, . 
Myrosin  and  albumin, 
Cellulose  (by  difference), 
Ash,     .... 


Brown  Mustard. 

4 '84  per  cent. 
3570 

4'84 

3-59 
29'54 
16-76 

473 

100-00 


White  Mustard. 

5*35  per  cent. 
3578 
none 
10-98 
27-48 
16'29 

4-11 

100-00 


In  these  analyses  the  cellulose  was  estimated  "  by  difference," 
and  is  probably  much  above  the  true  amount.  The  myronic  acid 
was  calculated  from  the  amount  of  volatile  oil  (allyl  thiocarbi- 
mide)  obtained  on  distilling  the  sample  with  water.  The  sina- 
pine  thiocyanate  was  deduced  from  the  amount  of  sulphur,  after 
allowing  for  that  present  in  the  forms  of  myronic  acid  and 
my  rosin,  the  former  of  which  contains  17 '2  4  and  the  latter 
about  1  per  cent,  of  sulphur.  The  myrosin  and  albumin  were 
estimated  by  multiplying  the  nitrogen  by  6 '2 5.  Working  on 
much  the  same  lines,  but  employing  an  improved  process  for 
the  determination  of  the  volatile  oil,  Piesse  and  Stansell 
in  1880  (Analyst,  v.  161)  found  mustard  to  have  the  following 
composition  : — 

1  Both  black  and  white  mustard  are  cultivated  in  this  country,  though  a 
considerable  quantity  is  imported.  White  mustard  seeds  have  a  yellowish 
tint,  while  black  mustard  seeds  are  of  a  brownish-purple  colour.  The  seeds 
of  white  mustard  are  much  larger  than  those  of  black  mustard.  Thus, 
Piesse  and  Stansell  found  that  170  Yorkshire  white  seeds  or  172  Cambridge 
white  seeds  weighed  1  gramme,  while  the  same  weight  of  Cambridge  brown 
mustard  contained  944  seeds. 
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Constituents,  &c. 

WHITE  MUSTARD. 

BROWN  MUSTARD. 

WHOLE  SEEDS. 

FARINA. 

WHOLE 
SEEDS. 

FARINA. 

Yorks. 

Cam- 
bridge. 

Super- 
fine. 

Fine. 

Seconds 

Cam- 
bridge. 

Super- 
fine. 

Fine. 

Seconds 

Moisture,    . 

9-32 

8-00 

5-78 

6-06 

8-52 

4-35 

4-52 

563 

Fixed  oil,    . 

25-56 

27-51 

37-18 

35-74 

32-55 

25-54 

36-96 

38-02 

36-19 

Cellulose,    . 

10-52 

8-87 

3-90 

4-15 

9-34 

9-01 

3-09 

2-06 

3-26 

Sulphur,     . 

0-99 

0-93 

1-33 

1-22 

1-26 

1-28 

1-50 

1-48 

1-30 

Nitrogen,    . 

4-54 

4-49 

5-05 

4-89 

4-25 

438 

4-94 

5-01 

4-31 

Total  proteids,  . 

28-37 

28-06 

31-56 

30-56 

26-56 

26-50 

29-81 

30-25 

26-06 

Soluble  albumin  and 
myrosin,  . 

5-24 

4-58 

7-32 

6-67 

6-11 

5-24 

6-46 

6-78 

6-14 

Aqueous  extract, 

27-38 

26-29 

36-31 

36-60 

33-90 

24-22 

31-64 

32-78 

31-41 

Volatile  oil, 
=  Potassium  myronate, 
Total  ash,1  . 

•06 

•08 

•03 

•04 

•03 

•47 
1-69 
4'98 

1-44 
5-14 
5-04 

1-50 
5-37 

4-84 

1-38 
4-94 
4-91 

4-57 

470 

4-22 

4-31 

4-30 

Soluble  ash, 

0-55 

0-75 

0-44 

0-55 

0-33 

1-11 

1-01 

0-98 

•0-77 

The  volatile  oil  which  appears  in  the  foregoing  analyses  is  not 
that  existing  ready -formed  in  the  seeds,  but  represents  the  amount 
which  can  be  obtained  by  the  hydrolysis  of  the  myronic  acid 
present  under  the  influence  of  the  ferment  myrosin.  It  was 
determined  by  Piesse  and  Stansell  in  the  following  manner. 

25  grammes  of  crushed  brown  mustard  seeds  are  mixed  with 
about  a  quarter  of  their  weight  of  white  seeds,  300  c.c.  of  cold 
water  added,  and  the  mixture  allowed  to  stand  in  a  700  c.c.  flask 
at  the  ordinary  temperature  for  five  to  six  hours.  The  flask  is 
then  connected  with  a  condenser,  and  the  distillate  collected  in  a 
small  flask  containing  30  c.c.  of  strong  ammonia  (sp.  gr.  0*880). 
The  liquid  is  distilled  as  long  as  drops  of  oil  come  over,  and  the 
steam  no  longer  possesses  the  pungent  odour  of  mustard  oil. 
This  is  generally  the  case  when  about  50  c.c.  measure  has  been 
distilled.  The  condenser  is  then  well  rinsed  out  with  cold  dis- 
tilled water  into  the  receiver  (this  is  necessary),  and  the  latter 
corked  and  set  aside,  with  occasional  agitation,  for  twenty-four 

1  Piesse  and  Stansell  have  given  the  analysis  of  the  ash  of  mustard. 
The  white  and  black  varieties  yield  very  similar  results,  the  ash  consisting 
mainly  of  potassium,  calcium,  and  magnesium  phosphates,  with  very  little 
chlorides  and  no  carbonates  (Analyst,  v.  164). 
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hours,  or  until  the  drops  of  oil  have  entirely  disappeared.  The 
distillate  is  then  evaporated  to  dryness,  and  the  residue  of  thio- 
sinamine  dried  in  the  water-oven,  and  weighed.  The  weight 
obtained,  multiplied  by  0'853,  gives  that  of  the  corresponding 
mustard  oil,  or  if  multiplied  by  3'578,  the  weight  of  potassium 
myronate,  from  which  it  was  derived,  will  be  obtained.  Potassium 
myronate  contains  3 '3  7  per  cent,  of  nitrogen,  and  yields  23*85 
per  cent,  of  volatile  oil  of  mustard.1 

Piesse  and  Stansell  consider  that  their  results  show  that  in  the 
process  of  manufacture  the  sifting  chiefly  removes  the  husk  and 
dries  the  farina,  the  remaining  constituents  being  correspondingly 
concentrated.  Thus  the  fixed  oil  averages  25  per  cent,  in  the 
seeds,  but  rises  to  37  per  cent,  in  the  farina,  while  the  moisture 
is  reduced  to  one-half  and  the  cellulose  to  one-third.  It  is 
difficult  to  account  for  the  great  increase  in  the  volatile  oil,  which 
is  three  times  as  great  in  the  brown  mustard  farina  as  in  the  seeds. 
The  broad  distinction  between  the  white  and  brown  mustard  is, 
of  course,  the  much  greater  proportion  of  potassium  myronate  in 
the  latter,  and  hence  its  greater  yield  of  volatile  oil.  Qualitatively, 
brown  mustard  may  be  distinguished  from  white  by  the  characters  of 
the  cold  water  extract.  In  the  case  of  white  mustard,  the  infusion 
yields  a  deep  blood-red  coloration  with  ferric  chloride,  while  the 
reaction  is  very  slight  or  imperceptible  in  the  case  of  brown 
mustard.  An  aqueous  extract  of  white  mustard  acquires  a  marked 
odour  of  sulphuretted  hydrogen  on  standing  for  a  few  hours ;  but 
fhe  extract  of  black  mustard  only  smells  of  the  volatile  mustard 
oil.  Piesse  and  Stansell's  analyses  do  not  show  the  large  portion 
of  myrosin  reputed  to  exist  in  white  mustard  as  compared  with 
that  in  the  black  variety. 

F.  Sutton,  who  has  had  a  large  experience  of  Piesse  and 
Stansell's  process,  states  that  it  gives  very  fair  determinations  of 
the  proportion  of  brown  mustard  present  in  a  mixture  of  the  two 
kinds.  The  calculation  is,  of  course,  based  on  the  assumption 
that  the  amount  of  potassium  myronate  is  fairly  constant.  Taking 
it  at  5' 15  per  cent.,  it  would  yield  1*33  per  cent,  of  thiosinamine, 
and  the  weight  of  the  latter  compound  found,  multiplied  by  7 4 '2, 
will  be  amount  of  brown  mustard  in  the  quantity  of  the  sample 
employed. 

1  Piesse  and  Stansell  found  that  not  less  than  three  or  more  than  six 
hours  should  be  allowed  to  elapse  before  commencing  the  distillation.  The 
yield  of  volatile  oil  was  sensibly  less  if  this  latter  limit  of  time  was  exceeded, 
and  in  forty-eight  hours  the  yield  was  only  two-thirds  of  the  total. 
F.  Sutton  considers  that  five  hours  is  the  best  time  to  allow  for  the 
digestion. 
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The  following  method  for  the  analysis  of  mustard  was  published 
by  Leeds  and  Everhart  in  1882  (Zeits.  Anal.  Chem.,  xxi. ;  abst. 
Chem.  News,  xlvii.  58).  The  moisture  and  ash  are  determined  as 
usual.  For  the  estimation  of  the  oil,  a  weighed  quantity  of 
mustard,  previously  dried  at  105°  C.,  is  exhausted  with  ether  in 
an  extraction-apparatus.  The  ether  is  then  distilled  off,  and  the 
oil  weighed  after  being  dried  at  100°  C.  The  oil-free  mustard 
is  heated  to  100°  C.  to  drive  off  any  remaining  ether,  and  then 
extracted  with  proof-spirit.  This  dissolves  the  sinapine  thio- 
cyanate  and  potassium  myronate,  but  coagulates  the  myrosin,  and 
leaves  it  and  the  cellulose  undissolved,  together  with  any  admix- 
ture of  starch.  When  the  extraction  of  soluble  matter  is  com- 
plete, the  spirituous  liquid  is  evaporated  in  a  weighed  platinum 
dish,  the  residue  dried  at  105°  C.,  and  weighed.  It  is  then 
ignited,  and  again  weighed.  The  weight  of  the  potassium  sul- 
phate thus  obtained,  multiplied  by  the  factor  4'782,  gives  the 
weight  of  potassium  myronate,1  and  the  difference  between  this 
and  the  weight  of  the  residue  dried  at  105°  C.  is  the  sinapine 
thiocyanate.  The  residue  in  the  extraction  apparatus  is  freed 
from  alcohol,  and  treated  with  a  0'5  per  cent,  solution  of  caustic 
soda.  The  residue,  which  consists  of  crude  cellulose  (plus  any 
starch  which  may  be  present),  is  dried  and  weighed.  It  is  then 
ignited,  and  the  weight  of  the  ash  deducted  to  obtain  the  weight 
of  the  pure  cellulose  (and  starch).  The  solution  containing  the 
myrosin  is  approximately  neutralised  by  hydrochloric  acid,  and 
50  c.c.  of  Ritthausen's  copper  sulphate  solution  added.  The 
liquid  is  then  exactly  neutralised  by  dilute  caustic  soda,  and  the 
heavy  green  precipitate  of  the  copper-myrosin  compound  col- 
lected on  a  weighed  filter,  dried  at  100°  C.,  and  weighed.  It 
is  then  incinerated  and  the  ash  deducted,  the  difference  giving 
the  weight  of  the  myrosin.  If  starch  be  present  as  an  adulterant 
the  residue  remaining  after  the  extraction  with  proof-spirit  may  be 
treated  with  diastase  or  dilute  acid  to  convert  the  starch  into 
glucose,  which  is  then  estimated  in  the  usual  manner. 

An  analysis  of  white  mustard,  conducted  in  the  foregoing 
manner,  gave  Leeds  and  Everhart  the  following  results  as 
the  mean  of  three  concordant  analyses.  The  figures  in  the  last 
column  are  deduced  from  the  nitrogen  and  sulphur  by  HassaU's 
method. 

Clifford  Richardson  (U.  S.  Bulletin,  xiii.  1887)  remarks  that  in 
presence  of  wheat-flour  the  dilute  alcohol  would  dissolve  sufficient  albumin 
and  mineral  matters  to  invalidate  the  myronate  determination.  This  error 
would  be  avoided  largely  by  estimating  the  sulphate  in  the  ignited  residue 
instead  of  taking  the  entire  weight  as  potassium  sulphate. 
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Moisture, 

Fixed  oil, 

My  rosin  and  albumin,     . 

Potassium  myronate, 

Sinapine  thiocyanate, 

Cellulose  (by  difference), 

Ash,        . 


Nitrogen, 
Sulphur, 


Found. 
3  per  cent. 


29-21 
28'48 

0-65 
11-12 
19-95 

3-76 

100-00 


Calculated, 
percent. 


23-52 

0-61 

10-71 


5-34  per  cent. 
1-49 


The  following  is  the  general  composition  of  ground  mustard 
seeds  according  to  various  analyses  collected  and  made  by  Clifford 
Eichardson  (U.  S.  Bulletin,  xiii.  182)  :— 


Water,      . 
Ash, 

Volatile  oil,1 
Fixed  oil, 
Crude  fibre, 
Albuminoids, 


From  Entire  Seed. 

3  to    7  per  cent. 

4  „     6       „ 

5  „     2       „ 
31  „  37       ,, 

5  ,,  18 
25  „  32       „ 


From  Mustard  Cake. 

3  to     7  per  cent. 

4  „     6      „ 

5  „     2      „ 
16  „  18      ,, 

5  ,,  18      ,, 

25  „  32      „ 


Adulterations  of  Mustard.2 

Mustard  was  formerly  extensively  sophisticated,3  but  the  enforce- 
ment of  the  Adulteration  Acts  has  created  a  great  improvement 
in  this  respect.4 

Terra  alba  (calcium  sulphate)  was  at  one  time  used  to  a  con- 
siderable extent  as  an  adulterant  of  mustard 5 ;  sand  has  been 
found  in  America,  and  chalk  is  also  said  to  have  been  employed. 
A  determination  of  the  ash  left  on  igniting  the  sample  would 

1  This  appears  to  be  the  volatile  oil  existing  as  such  in  the  mustard,  and 
not  allyl  thiocarbimide  purposely  formed  and  determined. 

2  The  methods  of  detecting  adulterations  of  mustard  were  fully  described 
by  the  author,  in  1874  (Chem.  Neivs,  xxx.  116),  but,  apparently  owing  to  its 
omission  from  the  index  to  the  volume  in  which  it  appeared,  the  article 
has  escaped  the  attention  of  subsequent  compilers. 

3  In  an  instance  communicated  to  the  author  (which,  if  not  true,  is  at  least 
ben  trovato),  a  firm  who  were  in  financial  difficulties  and  unable  to  obtain 
mustard  seed  on  credit,  carried  on  their  business  for  many  months  by  manu- 
facturing "mustard"  from  a  mixture  of  rape  seed,  wheat-flour,  turmeric, 
and  cayenne  pepper. 

4  On  November  15,  1895,  a  shopkeeper  in  the  south  of  London  was  con- 
victed of  selling  mustard  containing  70  per  cent,  of  flour  and  turmeric. 

5  It  is  asserted  that  plaster  of  paris  was  in  one  case  used  so  liberally  as  to 
cause  the  mustard  to  ' '  set "  when  made  into  a  paste  with  water. 
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suffice  for  the  detection  of  these  and  other  mineral  adulterants, 
since  pure  mustard  flour  never  yields  much  over  5  per  cent,  of  ash.1 
A  low  ash,  on  the  other  hand,  is  indicative  of  the  presence  of 
wheat-flour  or  other  cereal  admixture. 

Chrome-yellow  is  said  to  have  been  employed  for  colouring  mus- 
tard, but  the  substance  now  used  in  England  for  this  purpose  is 
turmeric.  This  colouring  matter  is  not  commonly  used  in  quantity 
sufficient  to  add  perceptibly  to  the  weight  or  bulk  of  the  mustard, 
but,  as  the  object  of  its  employment  is  simply  to  cover  the  pale- 
ness of  tint  caused  by  the  addition  of  wheat-flour  or  other  diluent, 
its  detection  is  occasionally  of  interest.  This  can  be  effected  by 
the  microscope,  the  cells  of  turmeric  having  a  bright  yellow  colour 
and  a  characteristic  appearance.  They  contain  starch,  and  hence 
are  turned  blue  by  iodine.  Turmeric  may  also  be  conveniently 
detected  by  the  boric  acid  reaction  described  in  Part  i.  page  359. 
A  small  quantity  (about  1  gramme)  of  the  sample  of  mustard  is 
boiled  with  methylated  spirit,  and  the  filtered  liquid  concentrated 
and  treated  with  boric  acid,  &c. 

Martins'  Yellow,  the  calcium  salt  of  dinitro-alphanaphthol 
(Part  i.  page  154),  [C10H5(N02)20]2Ca  +  6 Aqua,  was  found  by 
Waller  and  Martin  in  four  out  of  fourteen  samples  of  mustard 
purchased  in  New  York  city  in  1884  (Analyst,  ix.  166).  It  can 
be  detected  by  treating  the  sample  with  cold  alcohol,  agitating 
well  for  a  few  minutes,  and  filtering.  The  filtrate  is  evaporated 
to  dryness,  the  residue  taken  up  with  water,  and  white  wool  im- 
mersed in  the  filtered  liquid,  which,  in  presence  of  naphthol-yellow 
or  analogous  coal-tar  colouring  matter,  will  be  dyed  a  bright  yellow. 
If  the  dyed  fragment  of  wool  be  wrapped  in  white  paper  and 
heated  to  120°  in  an  air-bath,  part  of  the  yellow  colour  will  be 
transferred  to  the  paper.  Hot  water  or  dilute  ammonia  dissolves 
out  the  colouring  matter,  and  the  yellow  solution  is  decolorised  by 
hydrochloric  acid,  a  yellow  precipitate  being  produced  (distinction 
from  picric  acid). 

F.  Sutton  has  found  Martius'  yellow  in  mustards  of  French, 
German,  and  American  manufacture ;  and  in  some  American 
samples  a  coloured  earth  known  as  Dutch  yellow,  which  can  be 
readily  detected  in  the  ash. 

Cayenne  Pepper  or  Capsicum  was  formerly  often  used  to  impart 
pungency  to  diluted  mustard.  It  is  recognisable  under  the  micro- 
scope by  its  characteristic  structure,  and.  can  also  be  readily  de- 
tected in  the  following  manner  : — About  1  gramme  of  the  sample 
of  mustard  is  boiled  for  a  short  time  with  alcohol,  the  liquid 

1  W  a  1 1  e  r  and  Martin,  in  1884,  found  13  per  cent,  of  ash  (containing 
calcium  sulphate)  in  mustard  purchased  in  New  York  city. 
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filtered,  and  evaporated  to  dryness  at  100°.  The  residue  is  then 
tasted,  when  the  pungent  biting  flavour  of  cayenne  will  be  easily 
perceived.  A  still  more  striking  test  is  to  heat  the  dry  alcoholic 
extract,  and  smell  the  fumes,  when  an  overpowering  heat  in  the 
lungs,  irresistibly  compelling  coughing,  is  produced  if  cayenne  is 
present.  The  fumes  from  pure  mustard  are  not  irritating,  but 
ginger  produces  a  somewhat  similar  effect. 

Wheat-flour  is  a  very  usual  addition  to  mustard,  and  it  has  been 
frequently  alleged  that  its  use  is  necessary  as  a  preservative.  This 
contention  is  disproved  by  the  fact  that  some  manufacturers  have 
never  countenanced  such  an  addition,  and  that  nearly  all  makers 
now  supply  genuine  unmixed  mustard  of  various  qualities  and 
prices,  these  varying  according  to  the  proportions  of  black  and 
white  seeds  present. 

It  appears,  however,  to  be  an  established  fact  that  the  addi- 
tion of  a  moderate  proportion  (i.e.,  8  to  10  per  cent.)  of  rice  or 
wheat-flour  to  the  finer  qualities  of  table  mustard,  especially 
such  as  contain  a  large  proportion  of  black  mustard,  materially 
improves  the  keeping  qualities  of  the  article,  both  in  a  dry  state 
and  when  mixed  with  water.  F.  Sutton  states  that  if  such 
mustards  are  shipped  to  Australia  or  India  in  a  pure  state  they 
invariably  turn  dark  in  colour,  and  become  lumpy,  so  as  to  be 
quite  useless  for  table  purposes ;  and  that  the  same  effect  is  pro- 
duced in  a  greater  or  less  degree  when  kept  in  shops  above  the 
average  temperature.  It  is  evident  that  the  addition  to  a  moderate 
extent  of  such  diluents  as  flour  does  not  necessarily  imply  fraud, 
since  it  is  quite  possible  to  manufacture  an  unmixed  mustard 
consisting  mainly  of  white  seed  at  an  exceedingly  low  price.  A 
mustard  largely  advertised  as  pure  is  of  this  character,  and  as 
a  table  mustard  is  of  very  poor  quality.  Black  mustard  seed 
is  not  only  higher  in  price  than  the  white  seed,  but,  owing  to  the 
small  size  of  the  seeds,  the  yield  of  farina  is  so  much  less  than  that 
from  white  seed  that  the  cost  is  enhanced  out  of  all  proportion. 
It  may  be  added  that  the  Government  victualling  yards  manufac- 
ture all  the  mustard  required  for  the  use  of  the  navy,  and  mix  a 
certain  proportion  of  rice-flour  with  the  black  and  white  mustards, 
in  order  that  the  article  may  better  stand  variations  of  climate. 

The  unacknowledged  addition  of  wheat-flour  or  other  diluent  to 
mustard  is  an  offence  under  the  Sale  of  Food  and  Drugs  Act ;  but 
the  addition  is  permitted  if  duly  announced  by  label.  Such  mixed 
articles  are  commonly  known  as  "  mustard  condiment."1 

1  Regarded  merely  as  a  condiment,  there  can  be  no  harm  in  selling  diluted 
mustard,  provided  that  the  purchaser  is  informed  of  its  true  nature  ;  but 
since  mustard  is  also  employed  as  a  remedy,  the  practice  of  diluting  it  is 
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The  mere  detection  of  wheat-flour  or  other  foreign  farina  in 
mustard  presents  no  difficulty,  since  mustard  contains  no  starch 
naturally.  The  sample  should  be  boiled  with  water,  the  super- 
natant liquid  decanted,  and  when  cold  treated  with  a  solution  of 
iodine,  which  should  be  added  gradually,  so  as  to  avoid  a  large 
excess  while  ensuring  the  use  of  sufficient  of  the  reagent  to  leave 
some  iodine  un combined.  The  production  of  a  blue  colour  proves 
the  presence  of  added  starchy  matter,  and  the  intensity  of  the  re- 
action will  afford  some  indication  of  the  amount  present.  The 
nature  of  the  farinaceous  matter  can  of  course  be  ascertained  from 
the  microscopic  character  of  the  starch,  which  method  of  examina- 
tion will  also  give  an  idea  of 'the  probable  amount  present. 

The  quantitative  determination  of  the  amount  of  farinaceous 
matter  added  to  mustard  presents  considerable  difficulty,  and 
strictly  accurate  results  are  at  present  unattainable.  In  1874, 
the  author  proposed  to  deduce  the  amount  of  added  farina  from 
the  deficiency  of  fixed  oil  in  the  sample.  The  results  of  Hassall 
(page  114)  and  the  writer  had  shown  that  various  commercial 
mixtures  of  white  and  brown  mustards  contained  an  approximately 
constant  proportion  of  fixed  oil,  which  averaged  35  per  cent.  As 
wheat-flour  and  similar  diluents  contain  only  trifling  quantities  of 
oil,  the  proportion  of  such  matters  in  an  adulterated  mustard  could 
be  ascertained  by  multiplying  the  percentage  of  fixed  oil,  as  de- 
termined by  extraction  with  ether  or  benzol,  by  2'857.  This 
indirect  method  is  invalidated  if  a  portion  of  the  oil  natural  to 
the  mustard  has  been  extracted  by  pressing  the  seed,  a  plan  which 
is  said  to  be  practised  by  some  manufacturers.  Again,  the  results 

liable  to  have  serious  consequences.  If  a  mustard  plaster  were  required  in  a 
case  of  emergency,  or  mustard  and  water  were  administered  as  an  emetic  in  a 
case  of  poisoning,  it  is  evident  that  a  diluted  article  would  be  objectionable, 
and  its  substitution  for  genuine  mustard  might  result  in  loss  of  life. 

On  this  point,  however,  F.  Sutton  writes  to  the  author  :— "  The  objection 
urged  on  medical  grounds  to  mustards  containing  a  moderate  quantity  of 
wheaten  or  rice-flour  when  used  as  sinapisms  or  as  an  emetic  seems  scarcely 
tenable,  inasmuch  as  it  is  possible  to  have  a  perfectly  genuine  mustard 
which  possesses  less  than  half  the  vesicating  or  stimulating  power  of  one 
which  may  contain  10  per  cent,  of  wheaten  or  rice-flour.  The  article  chiefly 
required  in  these  cases  is  the  black  mustard.  It  is  true  that  white  mustard 
will  irritate  the  skin  or  the  mucous  membranes,  but  its  effects  are  slower  and 
far  more  disagreeable,  and  even  dangerous  in  the  end,  than  with  the  farina 
of  black  mustard. 

"The  mustard  leaves  or  sinapisms  now  in  common  use  are  made  by 
extracting  all  the  fixed  oil  from  a  mixture  of  black  and  white  mustard  flour 
with  ether,  benzol,  or  carbon  disulphide,  and  then  attaching  the  dry  powder 
to  fine  muslin  or  cambric." 
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will  be  falsified  if  the  deficiency  of  oil  due  to  dilution  with  flour, 
&c.,  has  been  made  good  by  adding  a  foreign  oil,  a  practice  of  the 
existence  of  which  the  results  of  Waller  and  Martin  afford  some 
evidence.  Hence  the  determination  of  the  fixed  oil,  while  useful 
as  an  independent  method  of  corroboration,  must  be  received 
with  some  caution  as  a  reliable  indication  of  the  extent  of 
adulteration  of  mustard.1 

Some  chemists  have  determined  the  proportion  of  admixture  in 
mustard  by  ascertaining  the  amount  of  sugar  produced  by  boiling 
the  sample  with  dilute  acid,  but  the  formation  of  glucose  from  the 
natural  constituents  of  the  mustard  wholly  invalidates  this  method 
if  applied  directly  to  the  sample.  Nevertheless,  the  determination 
of  the  starch,  after  the  removal  of  the  oil  and  glucosides,  affords 
one  of  the  few  available  means  of  estimating  the  proportion  of 
farinaceous  adulterants  in  mustard.2  This  is  preferably  effected 

1  F.  S  u  1 1  o  n,  who  has  had  a  large  experience  in  the  analysis  and  manu- 
facture of  mustard,  in  a  communication  to  the  author,  writes  as  follows  :  — 
"The  percentage  of  oil  extracted  by  ether,  multiplied  by  the  factor  2*857, 
gives  as  near  an  approximation  to  the  truth  as  can  be  obtained  in  calculating 
the  amount  of  real  mustard  flour  in  any  mixture. 

' '  It  is  true  that  the  fixed  oil  varies  to  a  considerable  extent  in  the  seeds 
of  both  kinds  of  mustard,  according  to  tbe  soil,  climate  and  locality,  and  to 
the  harvesting  of  the  seed.  The  proportion  of  this  oil  has  been  found  by  me 
to  vary  from  30  per  cent,  in  the  farina  of  poor  black  seed  to  47  per  cent,  in 
seed  of  very  exceptional  quality  ;  in  white  seed,  from  23  per  cent,  in  very 
common  kinds  to  38  per  cent,  in  the  very  best.  But  these  extremes  are  not 
by  any  means  general ;  and  the  mustard  manufacturer  who  values  his  repu- 
tation will  assuredly  avoid  the  use  of  the  commoner  kinds,  as  they  are  bad  both 
in  colour  and  flavour.  The  use  to  which  these  commoner  kinds  are  put  is  the 
manufacture  of  mustard  cake  for  manure,  in  place  of  rape  cake.  Large 
quantities  of  mustard  cake  are  used  both  in  England  and  on  the  Continent. 
The  price  at  which  the  common  mustard  seed  is  sold  enables  the  crusher  to 
make  a  profit  both  out  of  the  oil,  which  is  sold  to  oil-refiners  for  mixing  with 
rape  oil,  and  out  of  the  cake,  which  is  sold  to  the  farmer.  The  chief  manurial 
constituent  is  the  nitrogen,  which  ranges  from  3  to  3J  per  cent. 

"  It  happens,  therefore,  in  actual  practice  that  the  usual  mixtures  of  white 
and  black  seed  yield  about  35  per  cent,  of  fixed  oil.  If  an  exceptional  pro- 
portion of  black  seed  is  used,  the  factor  will  not  be  available ;  but  this  can 
be  checked  by  the  determination  of  the  myronic  acid,  or  less  exactly  by  the 
microscope. 

"  The  proportion  of  any  diluent  of  a  starchy  nature  may  also  be  checked  by 
an  estimation  of  the  sulphur  of  the  sample,  which  in  genuine  mustard  farina 
averages  about  1'4  per  cent;  but  this  method  is  useless  where  the  admixture 
amounts  to  no  more  than  8  to  10  per  cent." 

2F.  Sutton  considers  this  method  less  satisfactory  than  a  determina- 
tion based  on  the  proportion  of  fixed  oil. 
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by  exhausting  the  mustard  with  ether  and  proof-spirit  successively. 
In  the  residue  the  starch  can  be  determined  by  any  of  the  ordinary 
methods.  72  parts  of  starch  represent  100  of  wheat-flour. 

Saponins. 

Under  the  generic  name  of  "  saponin"  are  classed,  or  confused, 
a  number  of  closely  analogous  glucosides,  the  great  majority  of 
which  have  been  proved  to  be  homologous  bodies  having  the 
general  formula  CnH2n_8010. 

R.  Kobert  (Chem.  Centr.,  1893,  i.  32)  has  compiled  a  classified 
list  of  140  plants  in  which  bodies  of  the  saponin  class  have  been 
detected.  He  gives  the  following  list  of  such  as  have  the  above 
general  formula  :  — 

^17^26^10  :  —  Saponin  i,  Senegin,  Quillaja-sapotoxin,  Sapindus- 
sapotoxin,  Gypsophila-sapotoxin,  Agrostemma-sapotoxin. 

C18H28010  :•  —  Saponin  ii,  Schiedeberg's  Digitonin,  Saporubrin, 
Senegin,  Assamin. 

^19-^-30^10  :  —  Saponin  iii  or  Quillain,  Quillajic  acid,  Polygalic 
acid,  Herniaria-saponin. 

C20H32010  :  —  Cyclamin,  Paschki's  Digitoxin,  Merck's  Quillajic 
acid,  Sarsaparil-saponin,  Smilacin. 

C29H36010  :  —  Sarsasaponin. 


C^H^OjQ  :  —  Melanthin. 

There  is  some  doubt  whether  certain  of  the  above  substances 
really  belong  to  the  CnH2n_8010  series,  while,  on  the  other  hand, 
dulcamarin,  C^H^O^,  and  an  isomer  of  syringin,  C17H26010 
(from  the  bark  of  Syringa  vulgaris),  on  further  investigation  will 
probably  be  found  to  do  so.  Par  id  in,  C16H2807,  and  some  other 
glucosides  of  quite  different  composition  appear  from  their  pro- 
perties to  belong  to  the  saponin  class. 

From  the  foregoing  statement  it  appears  that  the  lowest  members 
of  the  saponin  series  have  the  empirical  formula  C17H26010,  which 
is  the  same  as  that  of  the  crystalline  body  syringin,1  identified 

1  SYRINGIN,  or  dihydroxymethyl-coniferin,  C^H^Og  +  H.,0,  is  a  glucoside 
occurring  in  the  bark  of  the  lilac,  Syringa  vulgaria,  and  of  the  privet, 
Ligustrum  vulgare.  It  crystallises  in  long,  slender,  white  needles,  sparingly 
soluble  in  cold  water,  more  readily  in  hot.  It  becomes  anhydrous  at  100°, 
and  melts  at  191°.  Syringin  does  not  form  insoluble  compounds  with 
metallic  salts.  It  does  not  reduce  Fehling's  solution.  With  mineral  acids 
it  reacts  similarly  to  coniferin.  By  the  action  of  emulsin,  syringin  is  split 
up  into  dextrose  and  syringenin,  or  dihydroxymethyl-coniferyl 
alcohol,  (CH.50).2C6H2(OH).C3H4.OH,  a  body  which  resembles  coniferyl  alcohol 
(Kbrner,  Chem.  Centr.,  1888,  page  1098  ;  abst.  Jour.  Chem.  Soc.,  Ivi.  159), 
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by  Kb'rner  as  hydroxymethyl-coniferin  hydrate.  The  amorphous 
substance  of  this  composition  prepared  by  Kruskal  agrees  with 
syringin  in  being  a  glucoside,  and  giving  a  characteristic  reaction 
with  sulphuric  acid,  but  further  comparative  examination  is  still 
wanting. 

From  Robert's  researches  it  appears  that  saponins  of  the  same 
formula,  and  giving  identical  chemical  reactions,  when  tested 
pharmacologically  show  an  enormous  difference  in  the  intensity  of 
their  toxic  action.  The  saponin  of  corn-cockle  (Agrostemma 
githago)  is  absorbed  both  by  the  subcutaneous  tissue  and  the  larger 
intestines,  and  thus  acts  as  a  dangerous  poison. 

The  following  table,  due  to  J.  C.  Umney  (Pharm.  Jour.,  [3], 
xxi.  887),  shows  the  names  and  products  of  the  hydrolysis  of  some 
of  the  principal  saponins. 


Name. 

Source. 

Products  of  Hydrolysis. 

Sugar. 

Non  -saccharine 
Product. 

Saponin  1 
(page  125). 

Saponaria  ojficinalis. 

Dextro-glucose. 

Saponegin. 

Struthiin. 

Gypsophila  species. 

» 

„ 

Quillain 
(page  128). 

Quillaia  saponaria. 

» 

" 

Senegin. 

Polygala  senega. 

„ 

,, 

Cyclarain  2 
(primulin). 

(Cyclamen  Europceum.  } 
(Primula  officinalis.      ) 

A  dextro-glucose. 

CycTamiretin. 

Parillin 
(page  129). 

Smilax  species. 

A  crystd.  glucose. 

Parigenin. 

Digitonin 
(page  133). 

Digitalis  purpurea. 

A  glucose. 

Digitoresin  ;  Digi- 
tonein. 

1  According  to  Dragendorff,   the  residue  obtained  by  evaporating  a 
chloroforrnic  or  amylic  alcohol  solution  of  Saponaria-sa.yonin,  if  moistened 
with  a  few  drops  of  concentrated  sulphuric  acid  and  exposed  to  the  air, 
gradually  assumes  a  reddish  or  reddish-violet  coloration,  which  persists  after 
the  addition  of  two  measures  of  water.     Senegin  is  said  to  act  similarly,  but 
to  differ  in  the  rapidity  with  which  the  colour  developes,  and  to  be  left  as  a 
yellow  residue  on  evaporation  of  its  solution  in  chloroform.     Digitonin  is  said 
to  be  distinguished  by  yielding  a  fine  red  colour  when  heated  with  dilute 
sulphuric  or  hydrochloric  acid. 

2  Cyclamin  or  primulin  is  described  as  crystalline  and  soluble  in  water, 
the  solution  frothing  when  agitated.     It  dissolves  readily  in  dilute  spirit, 
but  only  sparingly  in  absolute  alcohol,  and  is  insoluble  in  ether. 
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The  saponins  and  their  congeners  may  be  extracted  from  the 
various  plants  containing  them  by  hot  rectified  spirit,  and  are 
deposited  from  this  solution  on  cooling. 

The  saponins  are  characterised  by  the  strong  frothing  of  their 
solutions  on  agitation,  and  by  their  power  of  preventing  the  deposi- 
tion of  finely  divided  precipitates.  Their  aqueous  solutions  are 
precipitated  by  baryta-water  and  by  basic  lead  acetate.  The 
saponins  all  undergo  hydrolysis  by  boiling  with  dilute  acids,  or  by 
fermentation  with  emulsin,  and  some  of  them  are  hydrolysed  by 
continued  heating  with  water  alone. 

SAPONIN  I.,  C17H26010,  from  soap-wort,  Saponaria  officinalis, 
was  prepared  by  Schiaparelli,  in  1884  (Gazetta,  xiii.  422  ; 
abst.  Jour.  Ckem.  Soc.,  Ixvi.  332),  by  boiling  the  dried  and 
coarsely  powdered  root  for  three  days  with  strong  alcohol.  On 
standing  for  some  days,  impure  saponin  was  deposited  on  the 
vessel  as  a  copious  yellow  substance,  which  was  freed  from  colour- 
ing matter  by  treatment  with  warm  ether-alcohol,  followed  by 
solution  in  alcohol  and  treatment  with  animal  charcoal.  The 
product,  which  was  still  contaminated  with  about  3  per  cent,  of 
mineral  matter  (chiefly  lime),  was  dissolved  in  the  smallest  possible 
quantity  of  water ;  the  cold  solution  precipitated  with  saturated 
baryta-water  ;  the  resulting  barium  saponate  washed  with  baryta- 
water,  suspended  in  water,  decomposed  by  a  current  of  carbon 
dioxide,  the  liquid  heated  to  the  boiling-point,  and  filtered  ;  the 
filtrate  concentrated  at  a  gentle  heat,  and  precipitated  with  excess 
of  alcohol.  To  remove  the  last  of  the  barium,  the  saponin  was 
dissolved  in  water  and  dilute  sulphuric  acid  added  drop  by  drop. 
The  filtrate  was  carefully  concentrated  and  precipitated  by  ether- 
alcohol.  The  product  was  redissolved  and  reprecipitated  several 
times,  and  finally  purified  by  treatment  with  a  quantity  of  boiling 
alcohol  insufficient  for  its  complete  solution.  The  filtrate  evapo- 
rated in  vacuo  left  flocks  of  pure  saponin,  which  were  washed  with 
ether  and  dried  over  sulphuric  acid.1 

The  saponin  thus  prepared  is  a  snow-white,  amorphous  powder, 
which  has  no  odour,  but  excites  sneezing  when  inhaled.  It  has 
a  disagreeable  taste,  at  first  sweet  but  afterwards  sharp  and  acid, 
and  possesses  marked  poisonous  properties.  When  heated  to 
195°,  saponin  turns  brown,  and  at  a  somewhat  higher  temperature 
evolves  an  odour  of  burnt  sugar,  and  leaves  a  difficultly  combus- 
tible charcoal. 

1  Schiaparelli  found  the  saponin  thus  prepared  to  contain  52 '65  per  cent, 
of  carbon  and  7 '36  per  cent,  of  hydrogen.  The  formula  C32H54018  requires 
C  =  52'86  and  H  =  7'44  per  cent.  ;  while  C17H28010  requires  0  =  52 '31  and 
H  =  6'67  per  cent. 
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Saponin  is  very  soluble  in  water,  and  dissolves  in  hot  rectified 
spirit,  separates  again  almost  entirely  on  cooling,  and  is  insoluble 
in  absolute  alcohol,  ether,  or  benzene.  According  to  Schiaparelli, 
saponin  is  insoluble  in  chloroform,  but  Dragendorff  removes  it 
from  its  aqueous  solution  by  that  solvent.  This  behaviour  would 
afford  a  means  of  purifying  saponin  far  simpler  than  the  tedious 
method  employed  by  Schiaparelli. 

Saponin  is  precipitated  from  concentrated  solutions  by  baryta- 
water  and  basic  acetate  of  lead.  It  is  not  precipitated  by  picric 
acid,  mercuric  chloride,  or  the  general  reagents  for  alkaloids. 

Saponin  has  the  lowest  optical  activity  of  all  known  glucosides, 
the  value  of  [a]D  in  a  4  per  cent,  aqueous  solution  being  —7 '30°. 
The  aqueous  solution  of  saponin,  if  not  more  dilute  than  1  : 1000, 
froths  very  strongly  and  persistently  on  shaking,  and  has  a 
remarkable  power  of  dissolving  salts  (e.g.,  barium  sulphate) 
insoluble  in  water.  A  solution  of  saponin,  mixed  with  lead 
acetate  and  treated'  with  sulphuretted  hydrogen,  yields  on  filtra- 
tion a  clear  black  liquid,  from  which  lead  sulphide  is  precipitated 
on  adding  alcohol.  A  boiling  aqueous  solution  of  saponin  dis- 
solves 10  per  cent,  of  barium  carbonate,  and  the  dissolved  barium 
is  not  perfectly  precipitated  by  sulphuric  acid. 

Saponin  acts  as  a  powerful  poison  on  the  lower  animals.  Its 
effects  on  a  kitten,  when  injected  hypodermically,  were  observed 
by  A.  Wynter  Blyth  to  be  more  rapid  respiration,  lethargy, 
and  signs  of  general  muscular  weakness,  with  ultimate  asphyxia. 
A  post-mortem  examination  showed  fulness  on  the  right  side  of 
the  heart  and  intense  congestion  of  the  intestinal  canal,  the 
appearance  of  the  stomach  and  other  organs  being  normal. 

When  saponin  is  boiled  with  a  dilute  mineral  acid  it  suffers 
hydrolysis,  being  converted  into  a  glucose  and  an  insoluble  sub- 
stance. The  glucose  is  dextrogyrate  (aD  =  +52*48°)  and  ferment- 
able ;  but,  as  it  has  not  hitherto  been  obtained  crystallised,  its 
identity  with  ordinary  dextrose  is  not  fully  established.  The 
insoluble  body  simultaneously  formed  has  been  named  and  formu- 
lated differently  by  various  observers ;  but  it  is  preferably  called 
sapogenin,  and  if  Kobert's  formula  for  saponin  be  accepted,  its 
formation  is  expressed  by  the  following  equation1 : — 
2C17H26010+  2H20  =  3C6H1206  +  2C8H100,, 

1  Rochleder  ascribes  to  saponegin  the  formula  C14H220.,,  and  represents 
its  formation  from  saponin  by  the  formula  : — 

C-uHsAs  +  2H20  -  SC6HM06  +  CUE*0* 

Schiaparelli  expresses  the  hydrolysis  of  saponin  as  follows  : — 
3H20  =  4C6H1206  +  C^HeAs . 
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Sapogenin  is  described  as  crystallising  from  alcohol  in  con- 
centric groups  of  needles,  insoluble  in  water,  very  difficultly 
soluble  in  cold  alcohol,  more  readily  in  hot,  and  soluble  in  ether. 
It  may  be  obtained  crystallised  by  spontaneous  evaporation  of  its 
alcoholic  solution.  Saponegin  dissolves  in  dilute  caustic  potash, 
and  with  stronger  alkali  deposits  flocks  of  a  potash  compound. 
Fused  with  caustic  potash,  it  yields  much  acetic  acid,  some  butyric 
acid,  and  a  crystalline  isomer  of  sapogenin  melting  at  128°  C. 

Saponin  is  precipitated  from  fairly  concentrated  solutions  by 
basic  lead  acetate,  and  with  solutions  of  caustic  potash,  strontia, 
and  baryta  yields  sparingly  soluble  precipitates  of  definite  com- 
position. The  baryta-compound,  said  by  Stiitz  to  contain 
2C19H30010,Ba(OH)2,  has  been  employed  by  Christophsohn 
and  Otten  for  the  determination  of  saponin,  as  follows: — 10 
grammes  weight  of  the  substance  is  boiled  three  times  in  succes- 
sion with  water,  the  decoctions  strained,  evaporated  to  a  small 
bulk,  precipitated  with  alcohol,  and  filtered.  The  precipitate  is 
exhausted  with  boiling  alcohol,  which  is  added  to  the  filtrate,  and 
the  alcohol  distilled  off.  The  residue  is  dissolved  in  water  and 
the  concentrated  solution  treated  with  saturated  baryta-water. 
The  precipitate  is  collected  on  a  weighed  filter,  washed  with 
saturated  baryta-water  till  the  washings  are  colourless,  and  dried 
first  at  100°  and  then  at  110°  C.  After  weighing,  the  compound 
is  converted  into  barium  carbonate  by  simple  ignition,  or  into  the 
sulphate  by  moistening  with  sulphuric  acid  and  again  igniting. 
The  weight  obtained  is  calculated  to  BaO,  and  deducted  from  the 
weight  of  the  dried  precipitate,  the  difference  being  the  saponin 
in  the  substance  operated  on.  When  the  substance  to  be 
examined  contains  much  starch  (e.g.,  the  seeds  of  Agrostemma 
gitkago),  it  should  be  exhausted  with  boiling  alcohol,  the  liquid 
filtered  hot,  and  the  alcohol  distilled  off.  The  residue  is  treated 
with  ether  to  remove  fatty  oil,  dissolved  in  water,  and  the  solution 
precipitated  with  baryta  as  before. 

Where  there  is  any  doubt  as  to  the  purity  of  the  precipitate  of 
saponin-baryta  obtained,  it  may  be  dissolved  in  water  acidulated 
with  hydrochloric  acid,  and  the  baryta  removed  by  the  cautious 
addition  of  dilute  sulphuric  acid.  The  filtrate  is  boiled  for  an 

He  calls  the  insoluble  product  "  saponetin,"  and  describes  it  as  micro-crystal- 
line and  soluble  in  alcohol,  but  insoluble  in  water  or  ether. 

Hesse  substantially  adopts  Rochleder's  view,  and  considers  that  the 
hydrolysis  of  saponin,  with  formation  of  saponegin,  saponetin  and  saporetin 
(senegenin),  can  be  very  readily  expressed  on  the  assumption  that  saponin  has 
the  formula  C^H^O^,  thus  differing  only  by  the  elements  of  water  from 
Rochleder's  formula. 
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hour,  and  the  saponegin  which  separates  filtered  off,  washed,  and, 
together  with  the  filter,  boiled  with  alcohol  of  *855  specific 
gravity.  The  filtered  spirituous  solution  is  evaporated,  and  the 
residue  dried  at  110°  C.  35*8  parts  of  saponegin  thus  obtained 
represent  100  parts  of  saponin.  Christophsohn  found  this 
modified  process  to  give  results  which  agreed  well  with  those 
deduced  from  the  weight  of  the  baryta  precipitate,  and  has  pub- 
lished the  following  figures  : — 


Saponin  ;  per  cent. 

Baryta  method. 

Saponegin  method. 

Quillaia  saponaria  (bark), 

8-67 

8-82 

Gypsophila  struthium  (root), 

14-59 

15-00 

Do.                     do  

13-31 

13-20 

Saponaria  officinalis  (root),   . 

478 

5-09 

Agrostemma  githago  (ripe  seeds), 

6-67 

6-51 

Otten  found,  by  weighing  the  baryta  precipitate,  from  T21 
to  3*47  per  cent,  of  saponin  in  the  various  species  of  sarsaparilla. 

QUILLAJIC  ACID,  C19H30010,  was  prepared  by  R.  Kobert 
(Chem.  Centralb.,  1888,  927  ;  Journ.  Chem.  Soc.,  Ivi.  55)  from  the 
bark  of  Quillaja  saponaria,  by  precipitating  the  aqueous  extract 
with  neutral  lead  acetate.  The  solution  was  freed  from  lead,  the 
filtrate  evaporated  almost  to  dryness,  and  the  residue  taken  up 
with  hot  absolute  alcohol.  From  this  solution  the  colouring 
matter  was  precipitated  by  chloroform.  The  quillajic  acid  sub- 
sequently separated  in  white  flakes,  soluble  in  water  and  alcohol, 
but  insoluble  in  ether.  On  treatment  with  strong  sulphuric  acid 
it  becomes  dark  red.  The  sodium  salt  of  quillajic  acid  acts  as  a 
severe  caustic  on  the  tongue  and  throat,  and  the  smallest  particles 
coming  in  contact  with  the  nose  and  throat  cause  violent  sneezing 
and  coughing.  Brought  in  contact  with  the  eyes,  it  causes  severe 
pain,  flow  of  tears,  and  swelling  of  the  lids.  Injected  into  the 
blood,  the  sodium  salt  proves  fatal,  causing  cramp  and  paralysis  of 
the  respiratory  organs  and  brain  ;  while,  on  the  other  hand,  it  may 
be  taken  by  the  stomach  without  injury  to  the  extent  of  500 
times  the  quantity  which  proves  fatal  when  injected  into  the 
blood. 

Kobert  states  that  the  saponin  of  commerce,  as  also  other 
specimens  of  saponin,  consists  of  an  almost  inactive,  non-poisonous 
modification  of  quillajic  acid. 
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Stiitz  (Annalen,  ccxviii.  250)  has  described  tetra-  and  pent- 
acetyl-derivatives  of  saponin  from  quillaia  bark.  The  former  body, 
obtained  by  heating  saponin  with  acetic  anhydride  for  half  an  hour, 
was  a  white  powder,  having  the  composition  C19H26010(C2H30)4. 
It  melted  at  159°  to  162°;  was  insoluble  in  water,  but  readily 
soluble  in  alcohol,  ether,  and  glacial  acetic  acid ;  arid  on  heating 
with  baryta-water  was  decomposed  with  regeneration  of  saponin. 

THE  GLUCOSIDES  OF  SARSAPARILLA  have  been  recently  investi- 
gated by  W.  von  Schulz,  who  concludes  that  Dragendorffs 
smilacin  or  sarsaparilsaponin,  C20H32010,  the  sarsasapo- 
nin,  C22H36010,  discovered  by  himself,  and  Fliickiger's  par  ill  in, 
C26H44010,  are  three  homologous  compounds  all  belonging  to 
the  series  having  the  general  formula  CnH2n_8010.  These  three 
substances  all  split  up  into  sarsasapogenin  and  one  or  more 
molecules  of  glucose  on  boiling  with  dilute  acids. 

A  reaction  of  smilacin  has  been  described  by  Serena,  who 
states  that  when  it  is  treated  with  a  few  drops  of  strong  sulphuric 
acid  and  a  very  small  quantity  of  a  dilute  solution  of  ferric 
chloride  added,  with  the  aid  of  a  gentle  heat,  a  deep  orange-yellow 
coloration  is  produced,  changing  to  reddish-brown  with  a  violet 
reflection,  then  violet,  bluish-green,  and  finally  light  violet.  D  i  g  i- 
talin,  when  similarly  treated,  is  said  to  give  a  brownish-red 
coloration,  gradually  acquiring  a  violet  tinge  and  on  addition  of 
water  changing  to  greenish-yellow. 

Physiological  experiments  with  the  glucosides  of  sarsaparilla 
show  that  in  pharmacological  value  they  belong  to  the  same  group 
as  sapotoxin.  Sarsasaponin  appears  to  be  most  active  in  sub- 
cutaneous injections,  50  milligrammes  per  kilogramme  of  body- 
weight  proving  fatal  to  dogs  and  cats,  while  the  respective  lethal 
doses  of  parillin  and  sarsaparilsaponin  are  three  or  four  times  as 
large  (Pharm.  Jour.,  [3],  xxiii.  6). 

Parillin,  C26H44010,  is  described  byFliickiger  as  not  appre- 
ciably soluble  in  cold  water,  but  dissolved  by  about  twenty  parts  at 
the  boiling-point,  and  as  being  taken  up  more  readily  by  alcohol 
of  about  0'83  specific  gravity  than  by  either  weaker  or  stronger 
spirit.  With  strong  sulphuric  acid  it  behaves  like  saponin,  and 
when  boiled  with  10  per  cent,  sulphuric  acid  is  hydrolysed,  with 
production  of  a  green  fluorescence  and  formation  of  glucose  and 
parigenin.  A  similar  fluorescence  is  developed  when  hydrochloric 
acid  gas  is  passed  into  a  solution  of  parillin  in  a  mixture  of  alcohol 
and  chloroform. 

SAPOTIN  is  the  name  given  to  a  glucoside  extracted  by  G. 
Michaud  (Amer.  Chem.  Journ.,  xiii.  572)  from  the  seed  contained 
in  the  Sapodilla  plum,  the  fruit  of  Achras  Sapota.  It  was 
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obtained  in  minute  crystals,  melting  at  240°.  In  alcoholic  solu- 
tion they  are  Isevo-rotatory,  [a]D=  —  32 '11°.  Sapotin  is  very 
soluble  in  water,  less  so  in  alcohol,  and  insoluble  in  ether,  benzene, 
or  chloroform.  Lead  acetate  forms  a  gelatinous  precipitate  in  an 
aqueous  solution  of  the  substance,  the  precipitate  being  soluble 
in  excess  of  the  reagent.  The  formula  of  sapotin  is  stated  to  be 
CogH^Ogo,  and  when  boiled  with  dilute  sulphuric  acid  it  yields 
glucose  and  sapotiretin,  C17H82010,  a  body  insoluble  in  water, 
but  very  soluble  in  alcohol. 

Glucosides  of  Digitalis. 

The  leaves  and  seeds  of  the  purple  foxglove  (Digitalis 
purpurea}  contain  several  closely-allied  active  principles,  some  at 
least  of  which  are  of  a  glucosidal  nature.1 

The  chemistry  of  Digitalis  has  formed  the  subject  of  numerous 
researches,  but  the  composition  and  properties  of  the  bodies 
isolated  are  still  far  from  being  accurately  known ;  and,  to  increase 
the  confusion,  French  and  German  investigators  apply  the  same 
name  to  compounds  of  a  different  nature. 

According  to  the  researches  of  Schmiedeberg  (Pharm.  Jour., 
[3],  v.  741),  the  seeds  and  leaves  of  Digitalis  purpurea  contain  a 
preponderating  amount  of  digitonin,  a  glucoside  of  the  saponin 
class  (page  123).  They  contain,  in  addition,  three  other  sub- 
stances which  possess  the  character  of  acting  on  the  heart ;  namely, 
cry  stall  i  sable  digitoxin,  which  is  not  glucosidal,  and  the  two 
amorphous  glucosides  digitalin  and  digitalein.  Besides  these, 
there  has  been  isolated  from  digitalis  an  inert,  crystalline  body 
called  digitin,  C4H902. 

H.  Kiliani  (Archiv.  der  Pharm.,  ccxxx.  250  ;  Pharm.  Jour., 
[3],  xxii.  1061  ;  [4],  i.  29)  substantially  endorses  Schmiedeberg's 
conclusions,  though  he  doubts  the  homogeneous  nature  of  Schmie- 
deberg's digitalein,  and  believes  digitin  to  be  simply  digitonin. 

The  other  constituents  of  digitalis  are  not  characteristic.  They 
include  chlorophyll,  mucilage,  albuminous  matters,  various  salts, 
and  inosite.  The  occurrence  of  the  last  substance  was  observed 
by  M  a  r  m  e. 

For  an  improved  method  of  preparing  pure  digitalin  from  the 
commercial  article  called  by  that  name,  see  Schmiedeberg, 
Pharm.  Jour.,  [3],  v.  744  ;  [4],  i.  29. 

1  A  preparation  intended  to  represent  the  active  principles  of  digitalis  was 
described  in  the  British  Pharmacopoeia  of  1867,  but  was  of  very  indefinite 
composition  and  consequent  uncertain  activity.  Hence  it  has  been  omitted 
from  more  recent  editions. 
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DIGITALIN.  According  to  H.  Kiliani,  pure  digitalin  forms  a 
white  amorphous  powder,  or  soft  white  grains,  which  remain  un- 
changed when  heated  to  200°,  at  210°  begin  to  aggregate,  and 
towards  217°  melt,  becoming  yellow.  When  treated  with  water, 
the  particles  of  digitalin  swell  up  and  dissolve  slightly  (1  :  1000), 
giving  a  solution  which  foams  strongly  on  agitation,  and  is  re- 
markably prone  to  become  mouldy.  Digitalin  is  dissolved  sparingly 
by  cold  proof-spirit  (1  :  100),  but  in  considerable  amount  by  hot 
rectified  spirit  or  absolute  alcohol.  When  a  minimum  of  alcohol 
is  used,  the  solution  on  cooling  becomes  almost  solid  from  the 
separation  of  a  thick  magma  of  granules,  which  under  the  micro- 
scope appear  of  very  uniform  size,  but  entirely  destitute  of  crystal- 
line structure.  This  behaviour  is  stated  by  Kiliani  to  be  a 
characteristic  peculiarity  of  digitalin,  and  a  valuable  criterion  of 
its  purity.  In  presence  of  only  a  small  percentage  amount  of  the 
glucosides  associated  with  it  in  digitalis  it  is  impossible  to  effect 
the  separation  of  digitalin  from  solution  in  the  form  of  granules. 
When  it  also  contains  some  digitonin,  and  85  per  cent,  spirit  is 
used  for  its  solution,  crystals  will  be  found  among  the  granules 
deposited  from  the  solution  after  cooling.  Kiliani  states  that 
these  impurities  of  digitalin  may  be  detected  with  greater  accuracy 
by  the  following  tests  : — 

A  few  granules,  when  mixed  with  about  2  c.c.  of  a  10  per  cent, 
solution  of  caustic  potash,  should  retain  their  whiteness  for  at  least 
one  minute.  The  minutest  admixture  of  amorphous  glucosides 
rapidly  causes  an  intense  yellow  coloration. 

When  digitalin  is  made  into  a  thin  paste  with  water,  and  for 
every  100  parts  of  water  22  parts  of  amylic  alcohol  are  added, 
distinct  crystalline  warts  will  become  apparent  on  leaving  the 
mixture  for  twenty-four  hours  in  a  closed  flask,  if  digitonin  be 
present  even  in  very  minute  proportion. 

Digitalin  is  very  sparingly  soluble  in  ether  or  chloroform.1 
When  ether  is  gradually  added  to  the  moderately  dilute  solution 
in  absolute  alcohol,  the  liquid  suddenly  becomes  turbid,  and  a 
copious  deposition  of  granules  of  digitalin  subsequently  occurs. 
If  the  liquid  be  decanted  and  more  ether  added,  the  same  effect 
may  be  produced  a  second  and  third  time. 

Dragendorff  states  that  "  digitalin  "  is  extracted  from  acidulated 
aqueous  liquids  by  agitation  with  warm  benzene. 

Contrary  to  previous  observers,  Kiliani  finds  the  taste  of  digi- 
talin but  slightly  bitter,  and  believes  the  intense  bitterness  and 

1  The  very  sparing  solubility  of  digitalin  in  chloroform  prohibits  the 
presence  of  any  considerable  proportion  in  the  ' '  digitalin  "  of  the  French 
Codex,  which  is  required  to  be  completely  soluble  in  chloroform. 
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very  disagreeable  taste  previously  ascribed  to  digitalin  to  be  due 
to  admixture  with  the  amorphous  glucosides  associated  with  it  in 
digitalis. 

Digitalin  dissolves  in  strong  hydrochloric  or  sulphuric  acid  with 
golden-yellow  colour,  and  in  the  latter  case  the  colour  rapidly 
changes  to  a  blood-red.  On  adding  to  the  solution,  while  still 
yellow,  a  drop  of  nitric  acid,  ferric  chloride  or  bromine-water,  a 
brilliant  purple  coloration  is  produced.  The  colour  is  very 
fugitive,  and  excess  of  the  oxidising  reagent  should  be  carefully 
avoided  ;  and  Kiliani  states  that  the  reaction  is  most  permanent 
and  delicate  when  the  minute  trace  of  nitric  acid  apt  to  be 
present  in  the  sulphuric  acid  used  is  relied  on  to  effect  the  oxi- 
dation. A  preferable  plan  is  to  expose  the  solution  of  digitalin 
in  strong  sulphuric  acid  to  the  vapours  of  bromine. 

Schmiedeberg  obtained  by  the  analysis  of  digitalin  numbers 
corresponding  to  the  empirical  formula  C5H802.  This  analysis  is 
confirmed  by  Kiliani,  who,  however,  from  a  study  of  the  pro- 
ducts of  its  hydrolysis,  prefers  for  digitalin  the  formula  C2c)H46012, 
which  only  differs  from  6C5H802by  CH2. 

When  digitalin  is  heated  with  dilute  hydrochloric  acid,  an 
insoluble  resinous  substance  almost  immediately  separates.  This 
is  called  by  Schmiedeberg  digitaliresin,  but  Kiliani  regards 
the  product  thus  obtained  as  an  indefinite  substance  containing 
unaltered  granules  of  digitalin.  By  operating  in  alcoholic  solution 
Kiliani  avoids  the  separation  of  resin,  and  finds  that  digitalin  is, 
under  these  conditions,  split  up  very  definitely  into  digital  i- 
genin,  glucose,  and  digitalose,  according  to  the  following 
equation  : — 

G^OU  +  H20  =  C16H2202 + C6H1206 + C7H1405. 

Digitalin.  Digitaligenin.        Glucose.         Digitalose. 

To  effect  this  reaction,  Kiliani  treats  digitalin  with  8  parts  of 
50  per  cent,  alcohol,  adds  2  parts  of  fuming  hydrochloric  acid 
(sp.  gr.  1'19),  and  heats  the  mixture  for  half  an  hour  at  100° 
under  a  reflux  condenser.  The  liquid  rapidly  darkens,  but  does 
not  deposit  more  than  traces  of  resinous  matter.  On  cooling, 
abundance  of  digitaligenin  separates  in  warty  masses  composed  of 
brilliant  acicular  crystals.  The  crystallisation  is  facilitated  by 
rubbing  the  sides  of  the  containing  vessel.  When  pure  digitalin 
has  been  used,  the  digitaligenin  separates  readily  in  fine  crystals  ; 
but  in  presence  of  some  of  the  other  glucosides  of  digitalis  it 
cannot  be  made  to  crystallise  at  all,  or  only  by  very  tedious 
operations.  When  washed  with  50  per  cent,  alcohol  and  dried, 
the  yield  of  digitaligenin  from  pure  digitalin  is  constantly  30  per 
cent.  If  the  filtrate  be  diluted  with  an  equal  measure  of  water, 
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repeatedly  shaken  with  ether,  and  the  separated  ether  shaken 
with  very  dilute  soda  to  remove  hydrochloric  acid,  a  further 
quantity  of  digitaligenin  is  obtainable.  When  recrystallised  from 
the  least  possible  quantity  of  93  per  cent,  alcohol,  digitaligenin 
forms  colourless  brilliant  needles,  melting  at  210°-212°.  It  is 
insoluble  in  water,  sparingly  soluble  in  ether  free  from  alcohol, 
and  readily  soluble  in  hot  alcohol.  Digitaligenin  appears  to  be 
physiologically  inactive.  With  strong  sulphuric  acid  it  gives  the 
same  reaction  as  digitalin. 

In  the  filtrate  from  the  digitaligenin,  Kiliani  obtained  evidence 
of  the  presence  of  ordinary  glucose  and  of  digitalose,  a  sugar- 
like  body  allied  to  rhamnose,  but  uncrystallisable.  He  attri- 
butes to  digitalose  the  formula  C7H1205. 

Digitalin  is  a  powerful  heart-poison.  The  maximum  medicinal 
dose  for  human  beings  is  0 '000 2 5  gramme.  Administered  to  frogs 
in  doses  of  0'0005  gramme  it  produces  systolic  stoppage  of  the 
heart  in  fifteen  to  twenty  minutes.  The  effect  of  digitalis  is 
similar,  but  hurtful  and  so-called  cumulative  action  is  apt  to  occur, 
manifesting  itself  especially  in  derangement  of  the  stomach.  This 
secondary  action  is  probably  due  to  digitonin,  which  is  the  active 
principle  occurring  most  abundantly  in  digitalis,  and  has  been 
found  to  produce  very  severe  local  inflammatory  symptoms. 

DIGITONIN  forms  fully  one-half  of  the  mixed  glucosides  from 
digitalis  seed,  and  the  principal  portion  of  German  "digitalin," 
from  which  it  is  prepared  by  extraction  with  and  crystallisation 
from  85  per  cent,  alcohol.  The  solution  should  be  kept  at  45° 
for  six  hours  and  then  allowed  to  cool  slowly,  when  the  digitonin 
is  deposited  in  a  form  much  more  readily  drained  by  the  pump 
(Kiliani,  Arch.  Pharm.,  ccxxxi.  460.  See  also  Schmie de- 
berg,  Pharm.  Jour.,  [3],  v.  742;  and  Kiliani,  Pharm.  Jour., 
[4],  i.  29).  Digitonin  softens  at  225°  (about  250°,  according  to 
Houdas)  and  melts  completely  at  235°.  The  crystals  dissolve 
sparingly  in  cold  water,  more  readily  in  hot,  to  an  opalescent  solu- 
tion, which  froths  on  agitation.  On  evaporation,  the  solution 
yields  only  a  gummy  mass,  all  attempts  to  crystallise  digitonin 
from  water  being  hitherto  unsuccessful.  The  aqueous  solution  is 
laevo-rotatory  ([a]D=  —  49'25°),  and  is  precipitated  by  tannin, 
ammoniacal  lead  acetate,  and  baryta-water.  Digitonin  is  only 
slightly  soluble  in  absolute  alcohol,  and  still  less  so  in  ether, 
chloroform,  or  petroleum-spirit.  It  is  almost  completely  precipitated 
by  adding  ether  to  its  alcoholic  solution. 

When  amylic  alcohol  is  added  to  an  aqueous  solution  of 
digitonin,  the  glucoside  is  rapidly  separated  in  a  crystalline  form. 
If  a  hot  mixture  of  amyl  and  ethyl  alcohols  be  used,  the  solution 
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deposits,  on  cooling,  long  nacreous  laminae,  which  contain  amyl 
alcohol  and  water  of  crystallisation.  Similar  crystalline  com- 
pounds of  digitonin  with  other  alcohols  and  with  phenol  have 
been  described  by  J.  Houdas.  (See  further,  Kiliani,  Pliarm. 
Jour.,  [3],  xxiv.  45.) 

Digitonin  dissolves  in  strong  sulphuric  acid  with  red  colour,  an 
addition  of  a  drop  of  bromine- water  intensifying  the  reaction  but 
not  changing  it  to  violet.  Sulphuric  acid  diluted  with  its  own 
volume  of  water  produces  a  yellowish  coloration  in  the  cold, 
changing  to  red  and  finally  to  black  on  heating.  Concentrated 
hydrochloric  acid  gives  a  colourless  solution,  which  after  a  time, 
or  on  heating,  turns  yellow  and  then  violet-red,  with  a  slight 
greenish  fluorescence. 

According  to  Kiliani  (Ber.,  xxiv.  339),  digitonin  has  the 
formula  C.27H46014  +  5H20,  and  when  boiled  for  some  time  with 
strong  alcohol  and  hydrochloric  acid  splits  up  into  equal  molecules 
of  dextrose,  galactose,  and  digitogenin,  the  last  body 
separating  in  warty  masses  on  cooling : — 

CWHapu  +  H20  =  C6H1206  +  C6H1206  +  Cf5H2403. 

Digitonin.  Dextrose.         Galactose.        Digitogenin. 

J.  Houdas  (Compt.  rend.,  1891,  page  648)  attributes  to  digi- 
tonin (which  he  prefers,  with  Nativelle,  to  call  digitalei'n)1  the 
tentative  formula,  C31H52017,  which  agrees  with  that  of  Schmiede- 
berg,  and  states  that  the  substance  he  examined  was  converted  on 
treatment  with  very  dilute  sulphuric  acid  into  two  new  crystalline 
glucosides,  without  the  formation  of  any  glucose;  though  he  does 
not  deny  that  the  bodies  obtained  by  Kiliani  may  not  have  been 
the  final  products. 

DIGITOXIN,  C21H3207(?),  is  obtained  by  exhausting  digitalis  leaves 
with  water  and  then  with  dilute  alcohol,  precipitating  the  tincture 
with  lead  acetate,  concentrating,  crystallising,  &c.  The  product 
is  purified  by  washing  with  a  dilute  solution  of  sodium  carbonate, 
followed  by  petroleum-spirit,  and  then  recrystallised  from  strong 
alcohol.  Digitoxin  crystallises  in  pearly  plates  or  needles,  which 
melt  at  240°.  It  is  quite  insoluble  in  water,  to  which  it  does  not 
even  impart  a  bitter  taste.  It  is  also  insoluble  in  benzene  and 
petroleum-spirit,  and  only  very  sparingly  soluble  in  ether;  but 

1  According  to  Schmiedeberg,  digitonin  and  digitalei'n  are  distinct 
compounds,  the  latter  only  being  soluble  in  chloroform,  while  the  solutions 
of  both  substances  froth  on  agitation.  Digitalein  is  stated  to  react  with 
sulphuric  acid  in  the  same  manner  as  digitalin,  which  it  also  resembles  in 
its  physiological  action.  Kiliani  regards  the  existence  of  digitalein  as  highly 
questionable. 
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dissolves  in  chloroform  and  in  alcohol,  the  solution  in  the  latter 
menstruum  being  intensely  bitter. 

Digitoxin  does  not  give  the  colour-reaction  of  digitalin  with 
strong  sulphuric  acid.  Warmed  with  strong  hydrochloric  acid,  it 
gives  a  yellow  or  greenish  coloration,  which  is  one  of  the  reactions 
ascribed  to  the  "  digitaline  crystallise  "  of  the  French  Codex. 

Digitoxin  is  not  a  glucoside.  When  warmed  in  alcoholic  solu- 
tion with  dilute  acids,  it  is  decomposed  with  great  facility,  forming 
toxiresin,  without  production  of  glucose.  Toxiresin  is  an  un- 
crystallisable,  yellowish  substance,  readily  soluble  in  ether.  It  is 
a  very  powerful  muscle-poison. 

Digitoxin  is  the  most  poisonous  of  the  constituents  of  digitalis, 
its  toxicity  being  so  great  as  to  render  it  unsuitable  for  medical  use. 

DIGITIN,  wC4H902,  is  described  as  crystallising  in  stellate  groups 
of  needles  or  in  small  plates.  It  is  not  dissolved  by  chloroform  or 
benzene,  but  is  extremely  soluble  in  ether.  It  is  insoluble  in 
water,  but  is  dissolved  by  alkalies,  acids  precipitating  it  from  the 
alkaline  solution. 

Strong  sulphuric  acid  dissolves  digitin  with  brownish-yellow 
colour,  which  becomes  purple-red  on  exposure  to  air ;  addition  of 
water  turning  the  colour  to  green.  In  hydrochloric  acid,  digitin 
is  insoluble,  but  dissolves  in  nitric  acid  without  coloration. 

Digitin  does  not  reduce  Fehling's  solution  till  after  boiling  with 
dilute  acid,  when  it  gives  a  strong  glucose  reaction. 

Kiliani  regards  Schmiedeberg's  digitin  as  simply  digitonin. 

COMMERCIAL  DIGITALIN. — E.  Merck  (1886)  has  given  the 
following  description  of  the  principal  brands  of  commercial 
digitalin : — 

1.  "Digitalin.  pur.  pulv."    or   "German    digitalin,"  consists 
principally    of    digitalein,    with    some    digitonin    and    digitalin. 
Digitalein,   in   consequence  of  its  ready   solubility   in   water,   is 
not  cumulative  in  its  action,  and  causes  no  irritation  when  sub- 
cutaneously  injected  (compare  page  134).     It  is  freely  soluble  in 
alcohol,  but  insoluble  in  ether  and  in  chloroform. 

2.  "  Nativelle's    crystallised    digitalin!'      Physiologically    ex- 
tremely active.     In  fine  white  needles,  bitter  in  taste,  insoluble 
in  water,  ether,  or  benzene ;  freely  soluble  in  chloroform.     Con- 
sists almost  entirely  of  digitoxin,  and  is  cumulative  in  its  action. 
Typical  of  "  French  digitalin."     Corresponds  with  the  "  digitaline 
crystallise  "  of  the  French  Codex. 

3.  " Homolle's  amorphous  digitalin"     A  white  or  yellowish- 
white  amorphous  bitter  powder,  slightly  soluble  in  water  and  ether, 
freely  soluble  in  90  per  cent,  alcohol  and  in  chloroform.     It  con- 
sists principally  of  digitalin,  with  some  digitoxin.     Corresponds 
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with  the  "  Digitaline  amorph."  of  the  French  Codex  and  Belgian 
Pharmacopoeia. 

4.  " Difjitalin. pur. pulv.  (Merck)"  A  yellowish- white  powder, 
corresponding  in  its  properties  with  No.  1.  Merck  also  prepares 
(5)  a  "  crystallised  digitalin,"  identical  with  digitin,  difficultly 
soluble  in  water,  more  readily  in  alcohol,  and  insoluble  in  ether  or 
chloroform;  as  well  as  (6)  "digitoxin,"  the  most  poisonous  of  all 
the  digitalis  bodies,  cumulative  in  action,  crystallising  from  alcohol 
in  concentrically  grouped  needles,  freely  soluble  in  chloroform 
and  alcohol,  but  sparingly  soluble  in  ether.  The  amorphous 
"  digitalins  "  of  the  Codex  and  the  Belgian  Pharmacopoeia  are  said 
by  Merck  to  consist  essentially  of  digitalin,1  with  some  digitoxin, 
and  to  correspond  to  Homolle's  amorphous  preparation  (No.  3). 

Preparations  2,  3,  and  6  of  Merck's  list  are  insoluble  in  water 
but  soluble  in  chloroform,  whilst  Nos.  1  and  4  are  soluble  in  water 
but  insoluble  in  chloroform.  Fouquet  considers  the  former  class 
should  exclusively  be  used  in  medicine. 

H.  Kiliani  (Arcliiv,  der  Pharm.,  ccxxx.  250;  and  Pharm. 
Jour.,  [3],  xxii.  1061)  considers  that  digitoxin  is  not  well  suited 
for  therapeutic  use,  owing  to  its  complete  insolubility  in  water, 
while  digitalein  is  of  an  indefinite  nature ;  but  that  true  digitalin 
is,  when  pure,  very  suitable  for  therapeutic  use,  the  only  drawback 
being  its  amorphous  character. 

"  Commercial  digitalin  "  is  stated  to  give  an  absorption-spectrum 
showing  a  dark  line  in  the  blue,  coincident  with  the  Fraunhb'fer 
line  F. 

Toxicology  of  Digitalis. — Plants  watered  with  a  solution  of 
digitalis  wither  and  die.  Fish  placed  in  a  weak  infusion  of 
the  plant  die  in  spasm,  with  the  ventricle  of  the  heart  con- 
tracted. Poisonous  doses  of  digitalis  given  to  birds,  dogs,  and 
other  animals  occasion  active  intestinal  irritation,  with  watery  or 
bloody  dejections. 

When  animal  or  vegetable  matters  are  submitted  to  the  usual 
process  for  the  isolation  of  glucosides,  &c.,  the  digitalis  principles 
mostly  pass  into  the  acid  benzene,  ether,  or  chloroform  extract. 
The  most  toxic  principles,  digitalin  and  digitoxin,  are  very  readily 
altered  by  acids,  but  as  the  products  of  their  change  are  more 
soluble  in  ether  than  the  original  substances,  and  give  much  the 
same  colour-reactions,  it  may  sometimes  be  an  advantage  to  allow 

1  Kiliani  states  that  the  principles  extracted  from  the  leaves  of  digitalis 
are  quite  different  from  those  present  in  the  seeds,  and  that  digitalin  does 
not  occur  in  the  leaves.  If  this  be  true,  the  so-called  "digitalin"  of  the 
Belgian  Pharmacopeia,  which  is  prepared  from  the  leaves,  can  contain  no 
true  digitalin. 
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the  change  by  acids  to  occur.  The  decomposition-product  of  digi- 
toxin  is  equally  poisonous  with  the  parent  substance.  The  most 
serviceable  tests  for  the  digitalis  principles,  when  isolated,  are  the 
colour-reactions  already  described  (pages  132,  134). 

H.  Brunner  (Berichte,  1873,  page  96)  states  that  the  acid 
ethereal  extract  from  digitalis  gives  a  red  colour  when  its  solution 
is  mixed  with  a  dilute  aqueous  solution  of  dried  ox-bile,  and  then 
sufficient  sulphuric  acid  added  to  raise  the  temperature  to  70°. 
By  this  reaction,  Brunner  detected  the  presence  of  0'3  gramme  of 
foxglove  leaves  in  180  c.c.  of  water,  and  he  states  that  it  serves  to 
distinguish  digitalin  from  all  substances  except  those  which  give  a 
red  colour  with  sulphuric  acid. 

GLUCOSIDES  having  physiological  effects  closely  analogous  to 
those  exhibited  by  digitalis  exist  in  several  other  plants.  Among 
them  may  be  mentioned  the  following  : — 

Helleborin,  C36H4206,  and  Helleborem,  C26H44015,  in  the  root  of 
the  Christmas  rose  and  other  species  of  hellebore  (see  page  68). 

Adoninin,  contained  in  the  root  of  Adonis  vernalis. 

Oleandrin  and  Neriin,  in  the  leaves  of  the  oleander.  The 
former  substance  is  alleged  to  have  basic  properties,  though  free 
from  nitrogen,  while  neriin  is  not  improbably  identical  with 
digitalein. 

Thevetin,  C54H4802  (?),  has  been  isolated  from  Theoetia  nerei- 
folia,  and  is  possibly  identical  with  the  glucoside  of  Cerbera 
odallam. 

Euonymin  has  been  isolated  from  the  resin  of  Euonymus  atro- 
purpureus. 

Scillitoxin  is  a  powerful  heart-poison,  apparently  of  glucosidal 
character,  contained  in  the  bulbs  of  the  common  squill,  together 
with  scillipicrin  and  scillin,  of  inferior  physiological  action  (see 
E.  Merck,  Pliarm.  Jour.,  [3],  ix.  1038).  A  remarkable  case  of 
poisoning  by  squills  has  been  investigated  by  E.  B.  Truman 
(Pliarm.  Jour.,  [3],  xvi.  828,  832 ;  xvii.  227). 

Strophanthin  is  described  at  length  on  page  139,  ouaba'in  on 
page  140,  and  antiarin  on  page  141. 

Glucoside s  of  Strophanthus. 

A  poisonous,  readily-decomposable  glucoside  called  stro- 
phanthin  is  contained  in  various  parts  of  Strophanthus  Kombe, 
a  climbing  plant  belonging  to  the  order  Apocynacece.1  The  seeds 

1  Numerous  papers  on  the  botany  and  physiology  of  Slrophanthus  will  be 
found  in  the  Year-Boo^  of  Pharmacy  during  the  past  decade. 

A  valuable  paper  on  "The  Strophanthus  Seeds  of  Commerce,"  by  E.  M. 
Holmes,  will  be  found  in  the  Pharm.  Jour.,  [3],  xxiii.  867,  927. 
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of  Strophanthus,  which  are  the  part  of  the  plant  richest  in 
glucoside,  are  employed  by  the  natives  of  Central  and  West 
Africa  for  the  preparation  of  the  arrow -poison  called  kombe, 
inee,  or  onaje. 

A  specimen  of  Strophanthus  seed,  analysed  by  T.  R.  Fraser 
(Year-Book  Pharm.,  1889,  p.  450),  gave  the  following  results : — 

Water  (loss  at  100°  C.),  ....        6'70  per  cent. 

Petroleum-ether  extract  (chiefly  fat),  .  31 '81        „ 

Ether  extract  (resin,  chlorophyll,  &c.),         .        0'85        „ 
Rectified  spirit  extract  (strophanthin,  muci- 
lage, resin),          .....        8'94       ,, 

,TT  ,  (  Mucilage,      .  7 '3 5 

Water  extract,    •{    . ,, 

(  Albumin,      .          .          .        1'95        „ 

Insoluble  and  undetermined  constituents,  .      3  8 '8  9        ,, 
Mineral  matters, 3-51,, 


100-00 

Other  analyses  by  Fraser  showed  that  the  ether -extract, 
consisting  mainly  of  fat  with  a  small  quantity  of  chlorophyll 
and  resin,  amounted  to  about  34  per  cent. ;  while  the  alcoholic 
extract,  containing  the  active  principle,  was  about  9'5  per  cent. 
It  has  been  shown  by  Elborne,  Merck,  and  others,  that  in 
presence  of  the  fat  ether  dissolves  some  of  the  strophanthin,  a 
fact  which  should  not  be  lost  sight  of  in  judging  the  strength  of 
an  alcoholic  extract  of  Strophanthus. 

A  specimen  of  Strophanthus  seeds  examined  by  W.  Elborne 
(Pharjn.  Jour.,  [3],  xvii.  746),  gave,  after  drying  to  remove  water: 
— Fixed  oil  extracted  by  petroleum  ether,  20 '8  per  cent. ;  chloro- 
phyll and  fat  extracted  by  ether,  0'9  ;  bitter  glucoside  extracted 
by  absolute  alcohol,  1  *5  ;  further  bitter  glucoside  extracted  by 
water,  2'9  ;  albuminous  matters  soluble  in  water,  19'6;  and  in- 
soluble residue,  54'3  per  cent. 

To  isolate  the  glucoside  of  Strophanthus,  the  alcoholic  extract 
of  the  seeds  should  be  dissolved  in  a  minimum  quantity  of  water, 
and  precipitated  by  a  solution  of  tannin.  The  washed  precipitate 
is  mixed  with  sufficient  moist  hydroxide  of  lead  to  combine  with 
the  tannin  employed,  the  mixture  allowed  to  stand  for  some 
days,  and,  when  dry,  extracted  in  succession  with  rectified  and 
with  proof  spirit.  The  excess  of  lead  is  removed  by  passing  a 
stream  of  carbon  dioxide1  through  the  alcoholic  liquid  for  some 

1  Strophanthin  is  extremely  susceptible  to  the  action  of  acids,  and  even 
sulphuretted  hydrogen  is  liable  to  cause  some  decomposition. 
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days,  when  the  filtered  liquid  is  evaporated  to  dryness,  the  residue 
exhausted  with  rectified  spirit,  and  the  strophanthin  precipitated 
from  the  solution  by  the  addition  of  ether.  The  product  is 
purified  by  re-solution  in  alcohol  and  evaporation  in  vacua,  sup- 
plemented by  drying  over  sulphuric  acid.1 

STROPHANTHIN  forms  a  pale  yellowish  amorphous  powder,  or  a 
mass  of  microscopic  crystalline  plates  or  nucleated  spangles,  which 
are  transparent  while  wet  but  become  opaque  on  drying.  Accord- 
ing to  Arnaud  (Compt.  rend.,  cvii.  179),  the  crystals  of  stro- 
phanthin  soak  up  and  retain  water  with  great  facility,  forming  a 
hydrate  which  parts  with  its  water  in  a  dry  vacuum,  or  when 
dried  in  the  air  ;  or  if  heated  in  a  drying  chamber,  melts  below 
100°,  and  leaves  anhydrous  strophanthin  in  an  uncrystallisable 
condition  ;  but  if  the  strophanthin  be  previously  rendered  anhy- 
drous in  a  vacuum,  it  can  be  heated  to  110°  without  alteration. 
Strophanthin  darkens  at  about  146°,  becomes  pasty  at  165°,  and 
melts  at  172*5°  (185°,  according  to  E.  Merck). 

Strophanthin  has  an  intensely  bitter  taste,  and  is  extremely 
poisonous. 

Strophanthin  dissolves  very  readily  in  water  and  aqueous 
alcohol;  less  readily  (1:55)  in  absolute  alcohol,  amylic  alcohol,2 
or  acetone  (1:300);  and  is  practically  insoluble  in  chloroform, 
ether,  benzene,  petroleum-ether,  or  carbon  disulphide.  Ether  or 
chloroform  containing  alcohol  or  water  dissolves  a  sensible  quan- 
tity of  strophanthin,  as  does  ether  containing  the  fixed  oil  of 
strophanthus  in  solution.  From  alkaline  solutions  saturated  with 
common  salt,  strophanthin  is  said  to  be  extracted  by  ether- 
chloroform.  Solutions  of  strophanthin  in  rectified  spirit  and  in 
amylic  alcohol  are  precipitated  by  the  addition  of  chloroform, 
ether,  petroleum-ether,  or  carbon  disulphide.  When  ether  is 
added  to  a  very  dilute  alcoholic  solution,  and  the  faintly  turbid 
liquid  allowed  to  stand  for  a  few  days,  stellar  groups  of  crystals 
of  strophanthin  are  deposited. 

Strophanthin  differs  from  the  great  majority  of  glucosides  in 
being  deotfro-rotatory,  the  value  of  [a]D  for  a  2*3  per  cent,  solution 
in  water  being  +  30°. 

The  formula  of  strophanthin  cannot  be  regarded  as  definitely 
established.  The  percentage  composition  first  published  by  T.  R. 
Eraser  (Pharm.  Jour.,  [3],  xviii.  69),  to  whom  the  most  accurate 

1  The  yield  from  the  seeds  is  only  4  to  6  parts  per  cent.,  but  the  alco- 
holic extract  gives  65  per  cent,  of  its  weight. 

a  Amylic  alcohol  extracts  strophanthin  from  its  aqueous  solution,  but  the 
fact  is  of  little  value  for  isolating  it  from  strophanthus,  owing  to  the  forma- 
tion of  an  obstinate  emulsion. 
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knowledge  of  strophanthin  is  due,  was  C,  55*97;  H,  7*75;  and 
0,  36*28;  from  which  he  deduced  the  formula  C90H34010,  sug- 
gesting a  close  connection  between  strophanthin  and  the  saponins 
(page  123).  At  a  later  date  (Year-Book  Pharm.,  1889,  page 
463),  as  the  average  of  several  concordant  analyses,  Fraser  found 
C,  55*43;  H,  7*56;  and  0,  37'01;  corresponding  to  the  formula 
C16H2608.  Arnaud  (Compt.  rend.,  cvii.  1162)  attributes  to 
strophanthin  the  formula  C31H48012,  and  regards  it  as  the  imme- 
diate higher  homologue  of  ouabain.1 


1  OUABAIN,  C^H^O^,  is  the  poisonous  glucoside  contained  in  the  root  and 
wood  of  the  Acokanthera  Ouabaio,  from  which  the  Coraalis  on  the  east  coast 
of  Africa  prepare  their  arrow-poison.  Ouabain  forms  slender  transparent 
needles,  having  a  characteristic  rectangular  form,  or  white  nacreous  laminae, 
which  are  tasteless  and  odourless.  At  180°  it  softens,  and  melts  completely 
at  200°.  Ouabain  is  almost  insoluble  in  cold  water,  but  dissolves  readily 
on  boiling,  and  has  a  great  tendency  to  form  supersaturated  solutions.  It 
crystallises  from  water  with  7H20,  of  which  6H20  are  lost  at  100,  but  the 
remaining  molecule  is  not  completely  expelled  below  130°.  Ouabain  dissolves 
readily  in  aqueous  alcohol,  but  is  almost  insoluble  in  absolute  alcohol,  and  is 
quite  insoluble  in  ether  or  chloroform.  The  concentrated  aqueous  solution 
is  neutral  to  litmus,  gives  a  precipitate  with  tannin,  and  has  a  specific  rota- 
tion of  -  34°  for  the  D  ray.  When  boiled  with  dilute  acids,  ouabain  yields 
a  reducing  sugar.  Boiled  with  baryta-water,  ouabain  yields  a  barium-deri- 
vative, which,  after  drying  at  100°,  has  the  composition  Ba(C30H47013)2. 
Arnaud,  to  whom  the  above  description  of  ouabain  is  due  (Compt.  rend., 
cxx.  1011),  states  that  it  has  no  poisonous  effect  when  introduced  into  the 
stomach,  but  that  when  administered  by  subcutaneous  or  intervenous  injec- 
tion, it  acts  on  the  heart  and  causes  death.  0*002  gramme  will  kill  a  dog  of 
12  kilogrammes  weight  in  a  few  minutes.  E.  Gley  {Compt.  rend.,  cvii.  348) 
states  that  the  characteristic  effect  both  of  ouabain  and  strophanthin  is  the 
rapid  arrest  of  the  heart  in  systole.  0*025  milligrm.  of  ouabain  produces  this 
effect  on  a  frog  in  six  minutes,  while  the  same  quantity  of  strophanthin 
requires  twelve  minutes.  To  the  rabbit,  ouabain  is  twice  as  poisonous  as  stro- 
phanthin, to  a  dog  twice,  and  to  a  guinea-pig  four  times  as  poisonous  ; 
besides  which  strophanthin  is  always  less  rapid  in  its  action.  Ouabain  is 
recommended  medicinally  in  half  the  doses  of  strophanthin,  in  cases  where 
both  strophanthus  and  digitalis  fail. 

"  Arnaud  (Compt.  rend.,  cvii.  1162)  has  isolated  from  the  seeds  of  Stro- 
phanthus  glabre,  a  tree  growing  in  the  Gaboon,  4*7  per  cent,  of  a  glucoside 
which  he  regards  as  identical  with  ouabain. 

TANGHININ,  C^H^Og,  is  the  active  principle  of  t  a  n  g  h  i  n,  the  judicial 
poison  of  the  Malgaches,  which  is  extracted  from  the  kernel  of  the  fruit  of 
Tanghinia  venenifera,  one  of  the  Apocynacece.  Tanghinin  forms  colourless 
rhombic  crystals,  becoming  pasty  at  170°,  and  melting  at  about  182°.  It  is 
almost  insoluble  in  water,  but  when  left  in  contact  with  it  swells  up  and  forms 
a  thick  mucilage  containing  microscopic  crystals  in  suspension.  Tanghinin 
is  readily  soluble  in  strong  alcohol,  and  moderately  soluble  in  ether.  A 
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The  aqueous  and  alcoholic  solutions  of  strophanthin  have  an  acid 
reaction,  but  no  salt  of  strophanthin  appears  to  have  been  prepared. 

saturated  alcoholic  solution  at  20°  C.  has  an  optical  activity  of  [«]u  =  -67°. 
Tanghinin  is  a  cardiac  poison  resembling  ouabain  and  strophanthin.  It 
gives  no  colour-reactions,  and  does  not  appear  to  be  a  glucoside  ( A  r  n  a  u  d, 
Compt.  raid.,  cviii.  1255). 

The  arrow-poison  of  the  Wa  Nyika  and  other  tribes  of  east  equatorial 
Africa  has  been  examined  by  F  r  a  s  e  r  and  T  i  1 1  i  e  (Pharm.  Jour. ,  [3],  xxiii. 
937),  who  attribute  to  the  active  principle  the  formula  C30H52Oi4,  and  regard 
it  as  closely  analogous  to,  if  not  actually  identical  with,  ouabain. 

A  review  of  the  arrow-poisons  of  the  genus  Acokanthera  has  been  published 
by  E.  M.  Holmes  (Pharm.  Jour.,  [3],  xxiv.  41). 

ANTIAKIN  is  the  poisonous  glucoside  which  is  the  active  principle  of  the 
arrow-poison  prepared  from  the  Antiaris  toxicaria  or  Upas  Antjar  of 
Java.  Antiarin  is  isolated  by  treating  the  inspissated  milky  juice  of  the 
plant  with  petroleum-ether  to  remove  fatty  matters,  &c.,  and  then  extracting 
the  residue  with  absolute  alcohol.  The  alcohol  is  evaporated,  the  residue 
taken  up  with  water,  the  solution  precipitated  with  lead  acetate,  the  nitrate 
freed  from  lead  and  evaporated.  According  to  de  Y  ry  and  Ludwig  the 
yield  is  about  4  per  cent,  of  the  juice. 

Antiarin  is  represented  by  the  formula  C14H2005  +  2  aqua.  If  this  formula 
be  doubled  it  becomes  C^H^O^,  and  the  analogy  of  antiarin  to  ouabain  is 
apparent.  Antiarin  crystallises  in  shining  colourless  plates,  which  melt  at 
220*6°.  It  dissolves  in  about  250  parts  of  cold  or  27  of  boiling  water,  and  is 
soluble  in  alcohol.  It  is  insoluble  in  benzene  and  requires  2800  parts  of 
ether  for  solution.  The  aqueous  solution  of  antiarin  is  neutral  to  litmus  and 
is  not  precipitated  by  metallic  salts.  On  warming  with  dilute  acids  it  yields 
glucose  and  a  resinous  body.  With  concentrated  sulphuric  acid  it  gives  a 
yellowish -brown  coloration. 

According  to  Bettink,  if  1  c.c.  of  a  5  per  cent,  solution  of  sodium  car- 
bonate be  boiled  with  three  drops  of  a  cold  saturated  solution  of  picric  acid, 
the  yellow  colour  will  not  perceptibly  change,  but  if  as  little  as  O'OOOl 
gramme  of  antiarin  be  added,  the  colour  will  become  orange-red,  probably 
owing  to  the  reducing  action  of  the  antiarin  and  consequent  formation  of 
picramic  acid.  ^Esculin,  amygdalin,  digitalin,  and  picrotoxin  are  said  to 
give  no  similar  reaction. 

Antiarin  is  a  highly  toxic  substance,  acting  essentially  as  a  muscle  and 
heart  poison,  and  closely  resembles  digitalis  in  its  physiological  effects. 
Any  attempt  at  detection  should  be  conducted  on  the  lines  of  the  process 
used  for  its  extraction. 

The  intensely  active  arrow-poison  used  by  the  pigmies  met  with  by  H.  M. 
Stanley  in  Central  Africa  is  compounded  from  five  plants.  Its  toxic  action  is 
believed  by  E.  M.  Holmes  to  be  due  toerythrophlceine  and  strychnine 
(Pharm.  Jour.,  [3],  xxi.  917). 

The  Indian  arrow-poison  known  as  curare  (Part  ii.  page  387)  is  an 
extract  prepared  from  the  bark  of  Strychnos  toxifera,  together  with  other 
vegetable  extracts  (see  J.  Moss,  Pharm.  Jour.,  [3],  viii.  121). 

The  arrow-poison  used  by  the  Indians  of  New  Granada  has  been  investi- 
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A  dilute  aqueous  solution  (1  per  cent.)  of  strophanthin  froths 
strongly  when  shaken.  It  is  not  precipitated  by  basic  or  neutral 
lead  acetate,1  and  does  not  reduce  Fehling's  solution. 

Mineral  acids,  as  also  strong  acetic  acid,  when  added  to  a 
solution  of  strophanthin,  gradually  produce  a  haziness.  This 
behaviour  is  apparently  due  to  the  separation  of  strophanthidin, 
as  it  is  accompanied  in  each  case  by  a  formation  of  glucose. 

Solutions  of  caustic  alkalies,  ammonia,  baryta,  &c.,  turn  the  solu- 
tion of  strophanthin  light  yellow,  but  no  glucose  is  formed  at  the 
ordinary  temperature  even  on  standing.  When  boiled,  the  alkaline 
liquids  become  deep  reddish-brown,  and  lose  much  of  their  bitter- 
ness and  physiological  activity. 

A  solution  of  tannin  throws  down  strophanthin  as  a  copious 
yellowish-white  precipitate,  which  redissolves  on  agitation  until  an 
excess  of  the  reagent  has  been  added.  Other  alkaloidal  reagents, 
including  the  potassio-iodides  of  bismuth,  cadmium  and  mercury, 
and  mercuric,  platinic,  auric  and  ferric  chlorides,  produce  no 
change  in  solutions  of  strophanthin.  Phospho-molybdic  acid 
slowly  produces  a  bright  green  colour,  gradually  changing  to 
greenish-blue. 

In  the  solid  state,  strophanthin  yields  various  well-marked  and 
extremely  delicate  colour-reactions,  which  have  been  described 
in  detail  by  T.  R.  Fraser  (Year- Book  Pharm.,  1889,  page 
463). 

When  solid  strophanthin  is  moistened  with  strong  sulphuric 
acid,  a  bright  green  colour  is  immediately  produced,  changing  very 
rapidly  to  greenish-yellow  and  brownish-green,  and  in  an  hour  or 
two  becoming  dirty  brown  without  any  green  shade.  If  strophan- 
thin moistened  with  strong  sulphuric  acid  be  heated  to  50°-60°C., 
the  green  colour  first  produced  soon  becomes  dark  olive,  changing 
to  very  dark  brown,  then  to  violet  and  dark  violet-blue,  and 
finally  to  black  with  a  violet  tint.  With  dilute  sulphuric  acid, 
strophanthin  gives  a  nearly  colourless  solution,  but  on  heating  the 

gated  by  J.  Til  lie  (Jour.  Anat.  and  PhysioL,  xxvii.  402;  xxviii.  96  ; 
abst.  Pharm.  Jour.,  [3],  xxiv.  344).  Although  derived  from  the  stnjchnos 
genus,  its  physiological  action  resembles  that  of  digitalis. 

Malayan  arrow-poisons  have  also  been  described  by  E.  M.  Holmes 
{Pharm.  Jour.,  [3],  xxiii.  388);  L.  Wray  (Kew  Bulletin,  1891,  page  259) ; 
and  R.  Stockman  (Pharm.  Jour.,  [3],  xxiii.  945  ;  xxiv.  561). 

1  The  precipitate  produced  by  lead  acetate  in  the  solution  of  extract  of 
strophanthus  in  water  is  due  tokombic  acid,  a  substance  which  is  obtained 
by  the  decomposition  of  its  lead  salt  as  a  scaly  brownish-yellow  substance, 
soluble  in  water,  and  strongly  acid  in  reaction.  It  amounts  to  about  1£  per 
cent,  of  the  extract. 
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liquid  to  about  50°  it  becomes  various  shades  of  green,  changing 
to  violet,  and  in  about  two  hours  becomes  violet-black. 

Strong  hydrochloric  acid  dissolves  strophanthin  with  pale 
yellow  colour,  afterwards  deepening  to  brownish  yellow.  Weaker 
acid  (10  per  cent.)  produces  no  colour  in  the  cold,  but  on  heating 
to  50°— 60°  C.  a  yellow  coloration  gradually  appears,  rapidly 
changing  to  green  and  from  that  to  a  persistent  blue.  Dilute 
nitric  acid  (10  per  cent.)  dissolves  strophanthin  without  colora- 
tion, but  on  heating  to  about  50°  a  violet  colour  appears,  changing 
gradually  to  yellowish-brown,  and  finally  to  "gamboge-yellow." 
M.  Catillon  states  that  strophanthin  from  S.  kombe,  but  not 
from  other  sources,  gives  a  pale  rose  colour  with  nitric  acid, 
becoming  orange-yellow  on  gently  warming. 

H.  Helbing  (Pharm.  Jour.,  [3],  xvii.  924)  has  described  the 
following  reaction,  by  which  he  states  that  very  minute  traces  of 
strophanthin  may  be  detected : — A  minute  quantity  of  the  sub- 
stance is  dissolved  in  a  drop  of  water,  and  a  drop  of  ferric  chloride 
added,  followed  by  a  little  concentrated  sulphuric  acid.  A 
reddish-brown  precipitate  is  formed,  which,  either  at  once  or  after 
some  hours,  turns  to  an  emerald-green  body  which  remains 
unchanged  for  a  long  time.  M.  Catillon  has  pointed  out  that 
this  reaction  distinguishes  strophanthin  from  digitalin,  which  gives 
a  blue  colour  when  treated  similarly ;  but  the  difference  does  not 
seem  to  be  constant,  for  T.  R.  Fr  aser  states  that  when  strophan- 
thin is  thus  treated  a  deep  yellow  colour  appears,  changing  to 
pink,  and  disappears  on  stirring  with  a  glass  rod.  By  a  slightly- 
modified  mode  of  operating,  Eraser  states  that  a  yellow  colour  is 
first  produced,  quickly  followed  by  streaks  or  patches  of  pink  or 
blue,  the  whole  assuming  a  pale  greenish-blue  colour  in  a  short 
time  (Year -Book  Pharm.,  1889,  page  465). 

When  strophanthin  is  subjected  to  the  action  of  dilute  acids  it 
is  split  up  into  a  glucose  and  strophanthidin.  The  change 
occurs  with  great  facility,  even  in  the  cold,  and  is  produced  by  all 
but  the  very  weakest  of  acids.  As  a  consequence,  many  of  the 
earlier  descriptions  of  the  active  principle  of  strophanthus  (espe- 
cially those  of  Hardy  and  Gallois)  apply  more  to  the  decomposi- 
tion-product, strophanthidin,  than  to  strophanthin  itself. 

STEOPHANTHIDIN  may  be  readily  prepared  by  acidulating  a  solu- 
tion of  strophanthin  or  of  the  alcoholic  extract  of  strophanthus 
seeds  in  30  parts  of  water  with  0'3  per  cent,  of  sulphuric  acid,  and 
heating  the  liquid  on  the  water-bath  for  about  q,n  hour.  Abundant 
crystals  of  strophanthidin  are  deposited  on  cooling.  An  almost 
equally  good  yield  and  a  purer  product  are  obtained  if  the  same 
mixture  be  kept  for  five  or  six  days  at  the  ordinary  temperature. 
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If  the  acid  be  increased  beyond  this  proportion  the  strophan- 
thidin  is  decomposed  with  formation  of  a  brown  amorphous  sub- 
stance, much  less  bitter  than  either  strophanthin  or  strophan- 
thidin,  insoluble  in  acids  or  water,  but  dissolved  by  alkalies  and 
alcohol. 

It  is  remarkable  that  no  analysis  of  strophanthidin  appears  to 
have  been  made,  although,  as  it  crystallises  with  great  facility,  it 
can  readily  be  obtained  pure,  and  its  composition  would  go  far  to 
establish  that  of  strophanthin. 

Strophanthidin  forms  colourless,  slender,  lanceolate  crystals 
having  an  intensely  bitter  taste.  It  is  very  slightly  soluble  in 
cold  water;  moderately  soluble  in  cold  rectified  spirit,  amylic 
alcohol,  and  chloroform,  and  more  soluble  in  warm  spirit.  It  is 
extracted  by  chloroform  and  by  amylic  alcohol  from  its  aqueous 
solutions,  which  are  neutral  to  litmus  and  do  not  reduce  Fehling's 
solution  either  before  or  after  boiling  with  dilute  acids. 

Strophanthidin  is  extremely  poisonous,  its  toxic  activity  equal- 
ling that  of  strophanthin,  for  which  it  might  perhaps  be  advan- 
tageously substituted,  since  its  sparing  solubility  and  facility  of 
crystallisation  render  it  easy  to  obtain  in  a  state  of  perfect 
purity.1 

1  Adrian  and  B  a  r  d  e  t  have  published  results  respecting  the  constitu- 
tion of  strophanthin  which  are  not  in  accordance  with  those  of  other 
observers.  They  state  that  pure  strophanthin  does  not  reduce  Fehling's 
solution,  nor  even  directly  after  being  treated  with  an  acid ;  but  when  an 
aqueous  solution  acidulated  with  sulphuric  or  hydrochloric  acid  was  kept 
at  40°-50°  C.  for  some  hours  the  solution  became  turbid,  and  a  deposit 
formed  on  the  sides  of  the  flask.  The  liquid  then  reduced  Fehling's  solution, 
and  gave  distinct  reactions  with  the  ordinary  alkaloidal  reagents.  The 
deposit  was  proved  to  be  a  resin  soluble  in  alcohol,  and  precipitated  by 
water.  The  authors  conclude  that  strophanthin  is  a  glucoside  which  breaks 
up  into  glucose  and  an  alkaloid  which  is  probably  the  strophanthidin  of 
other  chemists.  This  conclusion  assumes  the  presence  of  nitrogen  in  stro- 
phanthin and  its  decomposition-product,  which  is  quite  opposed  to  the 
results  of  the  majority  of  observers.  Adrian  and  Bardet  also  observed  indi- 
cations of  the  presence  of  an  alkaloid  in  the  liquid  obtained  by  macerating 
crushed  strophanthus  seeds  in  water  ;  but  they  believe  it  to  be  distinct 
from  that  resulting  from  the  decomposition  of  strophanthin,  and  more  pro- 
bably related  to,  or  identical  with,  the  alkaloid  described  by  Hardy  and 
G  a  1 1  o  i  s  under  the  name  of  i  n  e  i  n  e,  the  existence  of  which  body 
Gerrard,  Elborne,  and  others  have  failed  to  confirm.  E.  Catillon 
(Jour,  de  Pharm.,  1888,  page  281)  has  found  that  strophanthus  seeds, 
after  the  removal  of  all  the  strophanthin  by  exhaustion  with  alcohol  and 
ether,  yield  to  boiling  acidulated  water  a  considerable  quantity  of  a  second 
glucoside,  together  with  a  nitrogenous  principle,  which  appears  to  be  the 
diuretic  constituent  in  preparations  of  strophanthus.  This  substance,  which 
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Strophanthin  is  a  typical  muscle-poison.  However  introduced 
into  the  body,  it  increases  the  contractile  power  of  all  striped 
muscles,  and  renders  their  contraction  more  complete  and  pro- 
longed. In  lethal  doses,  it  also  destroys  the  normal  state  of 
partial  flaccidity,  and  causes  the  rigidity  of  contraction  to  become 
permanent,  and  to  pass  into  the  rigor  of  death.  As  the  result  of 
the  action  on  muscle,  the  heart  is  early  and  powerfully  affected 
by  stropharithin ;  indeed,  by  regulating  the  dose,  a  very  distinct 
influence  may  be  produced  on  the  heart,  while  the  other  muscles 
apparently  remain  quite  unaffected. 

Strophanthus  thus  acts  primarily  on  the  heart,  finally  pro- 
ducing paralysis  of  that  organ,  with  permanence  of  the  ventric- 
ular systole.  Pulmonary  respiration  continues  in  cold-blooded 
animals  for  several  minutes  after  the  systematic  heart  is  paralysed. 
Twitches  occur  in  the  striped  muscles  of  the  body,  their  tonicity 
is  exaggerated,  and  their  functional  activity  finally  destroyed, 
the  muscles  then  being  hard,  and  shortly  afterwards  acid  in 
reaction.  The  reflex  action  of  the  spinal  cord  is  suspended  soon 
after  the  occurrence  of  heart-paralysis ;  but  the  motor  conductivity 
of  the  spinal  column  and  of  the  nerve-trunks  continues  after  the 
striped  muscles  of  the  body  are  paralysed. 

For  medicinal  purposes,  a  single  dose  of  0*0003  gramme  of 
strophanthin  is  said  to  be  recommended  by  English  physicians, 
though  in  Vienna  it  has  been  given  to  the  amount  of  O'OOl  to 
0*002  gramme  per  diem. 

The  value  of  strophanthus  and  its  preparations  as  cardiac 
remedies  is  well  established.  The  pulse-disturbance  frequently 
disappears  within  a  few  minutes,  and  neither  digestive  disturb- 
ance nor  the  cumulative  action  which  frequently  results  from  the 
administration  of  digitalis  has  been  observed. 

J.  Houdas  has  announced  the  presence  in  digitalis  of  a 
glucoside  closely  allied  to  strophanthin  and  ouabain. 

Glucosides  of  Jalap  and.  Scammony. 

Jalap,  scammony,  and  several  allied  plants  contain  active  prin- 
ciples of  a  glucosidal  nature  which  are  commonly  called  "  resins," 
though  they  have  little  in  common  with  the  true  resins.1 

is  soluble  in  .water  and  in  70  per  cent,  spirit,  but  less  soluble  in  stronger 
alcohol,  gives  some  alkaloidal  reactions,  but  appears  really  to  be  an  amide, 
and  is  obtained  as  a  calcium  compound.  These  results  render  it  doubtful 
whether  the  preparations  of  strophanthus  can  be  advantageously  replaced  by 
the  pure  glucoside  strophanthin. 

1  J.  M.  M  a  i  s  c  h  has  published  an  interesting  historical  account  of  jalap 
resin  and  jalapin  (Pharm.  Jour.,  [3],  xviii.  165). 
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JALAPURGIN  or  CONVOLVULIN,  C31H50016,  called  also  Jalapin 
and  Rhodeoretin,  is  the  active  principle  of  true  jalap,  the 
root  or  tuber  of  Ipomoea  purga  or  Convolvulus  Schiedeanus* 
It  is  a  colourless,  brittle  substance  melting  at  150°.  It  is 
sparingly  soluble  in  water,  but  dissolves  readily  in  alcohol 
and  in  acetic  acid.  In  chloroform  and  in  essential  oils  jala- 
purgin  is  only  sparingly  soluble,  and  it  is  practically  insoluble 
in  ether.  It  dissolves  in  a  solution  of  caustic  alkali  and  in 
ammonia,  forming  a  convolvulinateof  the  base.  In  concen- 
trated sulphuric  acid  jalapurgin  dissolves  with  fine  red  colora- 
tion. When  treated  in  alcoholic  solution  with  hydrochloric  acid, 
jalapurgin  is  converted  into  glucose  and  convolvulinol, 
C13H2103  (?),  which  is  regarded  as  the  anhydride  of  convolvulinolic 
acid. 

By  the  action  of  warm  dilute  nitric  acid,  jalapurgin  yields 
oxalic  acid  and  ipomeic  acid,  the  latter  body  being  probably 
identical  with  sebacic  acid. 

JALAPIN,  C34H56016,  called  by  Fliickiger  Orizabin,  is  the  active 
principle  of  the  root-stalks  of  Ipomoea  simulans  (Tampico  jalap) 
and  /.  orizabensis.  It  forms  an  amorphous,  resinous  powder 
melting  at  150°.  It  is  only  slightly  dissolved  by  water,  but  is 
easily  soluble  in  alcohol ;  as  also  in  ether,  chloroform,  arid 
essential  oils.  Concentrated  sulphuric  acid  dissolves  jalapin  with 
purple  or  maroon-red  colour,  changing  to  brown  and  finally 
becoming  black.  On  treatment  with  dilute  acids  in  alcoholic 
solution,  it  is  hydrolysed  with  formation  of  dextrose  and 
jalap inol,  C32H6207  or  C16H3003-f  JH20,  a  body  apparently 
having  the  constitution  of  tetrabutyl  aldehyde.  The  oxida- 
tion-products of  jalapin  are  similar  to  those  of  convolvulin,  from 
which  jalapin  differs  by  SCH^1 

Jalapin  dissolves  in  caustic  alkalies  and  in  ammonia;  on 
acidulating  the  solution  jalapic  acid  is  liberated,  a  body 
soluble  in  water,  but  only  sparingly  soluble  in  ether. 

Various  distinctions  between  convolvulin  and  jalapin  have  been 
described  by  A.  F.  Stevenson  (abst.  Pliarm  Jour.,  [3],  x. 
644). 

SCAMMONIN  forms  the  principal  portion  of  the  resin  of  scam- 

1  In  1884  (Chem.  Centralb.,  813),  Poleck  and  Samuelson  published 
a  full  description  of  jalapinol.  In  a  more  recent  paper  (Chem.  Centralb., 
1892,  ii.  786)  Poleck  states  that  jalapinol  does  not  exist,  the  products  of  the 
hydrolysis  of  jalapin  by  hydrochloric  acid  being  dextrose  and  jalapinolic 
acid,  C16H3C03,  a  body  crystallising  in  tufts  of  white  needles,  melting  at 
63-64°  C.  (see  also  Jour.  Chem.  Soc.,  Ixiv.,  [1],  225;  Ixvi.,  [1],  471;  and 
Ixviii.  [1],  109). 
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mony,1  the  dried  sap  of  Convolvulus  scammonia.2  It  is  very 
similar  to,  and  possibly  identical  with,  jalapin,  for  which  it  is 
often  substituted.  According  to  Mayer,  when  decomposed  by 
acids,  scammonin  at  once  yields  scammonolic  or  jalapinolic  acid, 
while  jalapin  gives  jalapinol,  which  is  said  to  contain  H20  more 
than  the  former  body  (see  footnote  on  last  page). 

According  to  N.  Kromer,  scammonin  is  easily  soluble  in  ether, 
alcohol,  chloroform,  benzene,  and  acetic  acid.  It  melts  at  123*6°  C., 
and  has  a  specific  rotation  of  [a]D=  —23°.  Its  formula  is  stated 
to  be  C88H156042.  By  the  action  of  alkalies  it  is  broken  up  into 
the  bibasic  acid,  scammonic  acid,  C22H44012.  By  oxidation  it 
yields  in  addition  carbonic,  oxalic,  valeric,  and  sebacic  acids. 
Mineral  acids  split  off  scammonol,  valeric  acid,  and  glucose ;  and, 
by  further  action,  a  carbohydrate  which  reduces  Fehling's  solution, 
has  a  rotation  of  +17 '8°,  and  the  phenylhydrazine  compound  of 
which  melts  at  191°. 

TURPETHIN,  a  glucoside  contained  in  the  root  of  Ipomcea  or 
Convolvulus  turpethum,  is  a  body  much  resembling  scammonin, 
the  chief  difference  between  them  being  the  insolubility  of  the 
former  in  ether.  According  to  Kromer  (abst.  Jour.  Chem.  Soc., 
1893,  i.  424)  turpethin  melts  at  147°;  has  the  specific  rotation 

1  Scammony  is  official  in  the  British  Pharmacopoeia,  which  requires  it  to 
be  free  from  starch,  and  to  yield  about  75  per  cent,  of  resin  to  ether,  the 
remainder  being  chiefly  soluble  gum  and  a  little  moisture.  It  should  not 
effervesce  with  hydrochloric  acid  nor  yield  more  than  3  per  cent,  of  ash. 

Scammony  has  been  frequently  grossly  adulterated ;  flour,  chalk,  sand,  dirt, 
&c.,  being  among  the  additions  met  with.  (See  Pharm.  Jour.,  [3],  xxiv., 
695,  706.) 

C.  Govaerts  (Year-Book  Pharm.,  1874,  p.  241)  has  published  the  fol- 
lowing figures  showing  the  variation  in  the  composition  of  commercial 
scammony  :  — 


Aleppo  Scammony 
(Gpod). 

Ordinary 
Scammony. 

So-called  Aleppo 
Scammony. 

Resin,    .... 

85 

20 

8 

Gum  

4 

10 

3 

Starch,  .... 

0 

63 

75 

Ash,       .... 

11 

7 

14 

100 

100 

100 

2  The  resin  from  scammony  root  has  been  substituted  for  true  scammony. 
The  resin  from  the  root  has  a  very  peculiar  and  persistent  leathery  odour, 
while  the  true  scammony  gum  possesses  an  equally  distinctive  sour  cheese - 
like  smell  (M.  Conroy,  Pharm.  Jour.,  [3],  xiv.  397). 
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[a]D=  —  30*14°;  and  possesses  the  formula  C76H128036.  By  the 
action  of  alkalies  it  is  converted  into  turpethic  acid,  C38H76024. 
By  the  action  of  mineral  acids,  turpethol  is  split  off,  together 
with  isobutyric  acid  and  a  sugar  resembling,  but  not  identical  with, 
dextro-glucose.  Turpethol  melts  at  8 5 '8°,  and  appears  to  be  the 
anhydride  of  turpetholic  acid,  C16H3204,  melting  at  88*4°. 

According  to  Spirgatis  (Annalen,  cxxxix.  41)  turpethin  melts 
at  183°,  and  has  the  formula  C34H56016.  It  yields  turpethic 
acid,  C34H16018,  by  boiling  with  baryta,  and  is  hydrolysed  by 
dilute  mineral  acids,  with  formation  of  three  molecules  of  glucose 
and  one  of  turpetholic  acid,  C16H3204. 

Much  confusion  exists  as  to  the  origin  and  nomenclature  of 
jalap-resin  and  its  allies.  By  English  manufacturers  and  whole- 
sale druggists  "jalapin"  is  understood  to  be  that  resin  which  is 
insoluble  in  ether,  and  therefore  corresponds  in  its  properties  with 
jalapurgin ;  but  in  Germany  the  insoluble  resin  is  called  "  con- 
volvulin,"  the  name  "jalapin"  being  applied  to  the  soluble  resin 
from  Ipomoea  orizabensis  or  1.  simulans.  This  forms  about  90  per 
cent,  of  the  resin  of  scammony  and  Tampico  jalap,1  and  is  much 
cheaper  and  less  powerful  than  jalapurgin,  which  can  only  be 
obtained  in  quantity  from  true  jalap  (Ipomoea  purga).  (See 
Pharm.  Jour.,  [3],  xvii.  652;  xviii.  165;  xxii.  888,  908,  1060, 
1079;  xxiii.  20.) 

Commercial  "  jalapin  "  is  generally  prepared  by  extracting  the 
powdered  jalap  with  alcohol,  adding  water  till  the  solution 
becomes  slightly  turbid,  and  then  digesting  the  hot  liquid  with 
animal  charcoal.  After  some  time  the  tincture  is  filtered,  evapo- 
rated to  dryness,  the  residue  washed  with  hot  water  to  remove 
gummy  and  saccharine  matter,  and  dried. 

Five  samples  of  commercial  jalapin  examined  by  C.  E.  Eobincon 
(Pharm.  Jour.,  [3],  xxiii.  531)  gave  results  leading  to  the  conclusion 
that  they  were  all  prepared  from  true  jalap  (Ipomoea  purga). 
They  lost  from  6'08  to  6'84  per  cent,  of  moisture  at  100°  C.,  and 
yielded  from  3'79  to  5 '80  per  cent,  of  matter  to  ether,  the  whole 
of  the  residue  left  undissolved  by  ether  being  soluble  in  rectified 
spirit.  Similar  results  have  been  recorded  by  E.  White  (Pharm. 
Jour.,  [3],  xvii.  652),  but  one  sample  out  of  eight  examined 
consisted  of  the  ether-soluble  resin. 

JALAP. — The  British  Pharmacopoeia  (1885)  requires  jalap  tuber- 
cules,2  when  exhausted  with  rectified  spirit,  to  yield  "  not  less  than 

1  A  microscopic  distinction  between  Tampico  and  Vera  Cruz  jalaps  has 
been  pointed  out  by  Harlant  (abst.  Pharm  Jour.,  [3],  xvi.  917). 

2  Spurious  jalap  is  sometimes  met  with  (see  Pharm.  Jour.,  [3],  xxii.  438  ; 
xxiv.  382).    Some  years  since,  some  powdered  jalap,  purchased  from  a  druggist 
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10  per  cent,  of  resin,  of  which  not  more  than  one-tenth  should  be 
soluble  in  ether."1  This  is  described  as  formed  of  "  dark  brown 
opaque  fragments,  translucent  at  the  edges,  brittle,  breaking  with 
a  resinous  fracture,  readily  reduced  to  a  pale  brown  powder, 
sweetish  in  odour,  acrid  in  the  throat,  easily  soluble  in  rectified 
spirit,  insoluble  in  oil  of  turpentine.  The  powder  yields  little  or 
nothing  to  warm  water,  and  not  more  than  10  per  cent,  to  ether." 
T.  A.  Ell  wood  (Pharm.  Jour.,  [3],  xxii.  395)  considers  the  B.P. 
limit  of  10  per  cent,  of  resin  from  the  root  as  too  low,  and  likely 
to  encourage  the  use  of  an  inferior  drug ;  while  the  range  of 
solubility  of  the  resin  in  ether  might  with  advantage  be  increased 
to  20  per  cent.  The  proportion  of  the  resin  soluble  in  ether 
appears  to  be  the  reverse  of  the  proportion  of  resin  in  the  root. 
Thus  — 

A.  B.  C.  D.  E.  F. 

10'4         15'°         13'°         16'°         14'2         12'° 
12'2        10'°        10-0          8-0          8-0          9* 

On  the  other  hand,  F.  H.  Alcock  (Pharm.  Jour.,  [3],  xxiii. 
107)  regards  the  B.P.  limit  as  too  high.  He  proposes  the  follow- 
ing method  for  the  assay  of  jalap  : — 1  gramme  of  the  powdered 
sample,  free  from  agglutinated  lumps,  is  treated  with  20  c.c.  of 
amylic  alcohol,  and  the  mixture  shaken  occasionally  during  a  few 
hours.  The  liquid  is  then  filtered  through  cotton-wool,  and  the 
residue  washed  twice  with  5  c.c.  of  amylic  alcohol.  The  solution 
is  agitated  several  times  with  small  quantities  of  water  at  about 
50°  C.,  evaporated  at  100°,  and  weighed.  By  adding  a  small 
quantity  of  water  to  the  contents  of  the  dish  before  evaporating, 
it  is  said  that  the  tendency  of  the  amylic  alcohol  to  creep  up  the 
sides  of  the  vessel  can  be  avoided.  The  product  thus  obtained 
is  said  to  be  purer,  and  the  yield  consequently  less,  than  when 
the  jalap  is  exhausted  with  rectified  spirit.  This  is  only 
to  be  expected,  since  alcohol  dissolves  from  jalap  a  notable 
quantity  of  saccharine  matter,  in  consequence  of  which  the 
British  Pharmacopoeia  directs  the  resinous  extract  to  be  washed 

in  Sheffield,  was  administered  to  two  valuable  dogs,  both  of  which  died  in 
the  course  of  an  hour.  An  analysis  of  the  "jalap"  by  the  author  showed 
that  it  consisted  in  great  part  of  powdered  mtx  vomica  seeds. 

According  to  the  U.S.  Pharmacopoeia  of  1890,  "on  exhausting  100  parts 
of  jalap  with  alcohol,  concentrating  the  tincture  to  40  parts,  and  pouring  it  into 
water,  a  precipitate  of  resin  should  be  obtained,  which,  when  washed  with 
water,  and  dried,  should  weigh  not  less  than  12  parts,  and  of  which  not  over 
10  per  cent,  should  be  soluble  in  ether." 
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several  times  with  hot  water,  before  finally  drying  and  weighing 
it. 

In  the  method  of  assaying  jalap  devised  by  Squibb  ($phemerist 
vol.  iii.,  June  1888),  the  same  fact  is  fully  realised,  as  is 
evident  from  the  following  figures  obtained  by  the  analysis  of 
samples  of  commercial  jalap.  Nos.  1  to  7  were  purchased  from 
leading  wholesale  druggists  in  New  York.  No.  8  was  from  a  lot 
of  very  superior  quality.  Nos.  9  and  10  represent  the  best 
Mexican  jalap  to  be  found  on  the  London  market. 


No. 

Loss  at  100°  C. 

Total  Extract 
by  Alcohol. 

Total  Resin. 

Ether-sol- 
uble Resin. 

Active  Resin. 

1 

8  '20  per  cent. 

14  '80  per  cent. 

7  '32  per  cent. 

0-89  per  cent. 

6'38  per  cent. 

2 

8-49        „ 

16-23        „ 

9-10        „ 

0-74 

8-20        „ 

3 

8-00        „ 

14-40        „ 

8-72 

0-86        „ 

6-50 

4 

8-43        „ 

19-56        „ 

7-82 

1-19 

6-50 

5 

8'42        „ 

20-28        „       . 

6-51        „ 

0-95 

5-50 

6 

... 

8-79        „ 

0-45        „ 

8-00 

7 

8-40        „ 

13-62        „ 

6-19 

0-80        „ 

5-34 

8 

6-30        „ 

31-38        „ 

18-50        „ 

1-24        „ 

17-08 

9 

10-00      „ 

20-96        ,, 

8-42        „ 

0-71 

7-60        „ 

10 

9-40        „ 

19'92        „ 

673        „ 

0-40 

6-24        „ 

K.  A.  Cripps  (Pharm.  Jour.,  [3],  xix.  422)  digests  2  grammes 
of  the  sample  of  jalap  with  50  c.c.  of  rectified  spirit  for  twenty- 
four  hours  at  a  gentle  heat.  The  liquid  is  then  cooled,  filtered, 
and  25  c.c.  of  the  filtrate  (  =  1  gramme  of  the  sample)  evaporated 
to  an  extract  at  100°.  The  residue  is  treated  in  a  porcelain  dish 
with  about  20  c.c.  of  distilled  water,  and  warmed  to  about  50°  C., 
which  softens  the  resin,  and  enables  the  saccharine  matter  to  be 
readily  dissolved  out  by  kneading  the  mass  with  a  glass  rod. 
After  cooling,  the  liquid  is  filtered,  and  the  washing  of  the  resin 
repeated.  The  filter  is  washed  with  rectified  spirit,  the  washings 
added  to  the  resin  contained  in  the  dish,  and  the  whole  dried  at 
100°  C. 

By  this  method  of  operating,  Cripps  found  the  resin  in  thirty- 
four  samples  of  commercial  jalap  to  range  from  5*8  to  15*6  per 
cent.  Fourteen  of  the  samples  contained  the  proportion  required 
by  the  British  Pharmacopoeia. 

By  a  similar  process,  C.  E.  Eobinson  (Pharm.  Jour.,  [3], 
xxiv.  531)  found  the  purified  resin  in  nine  specimens  of  com- 
mercial jalap  to  range  from  7*57  to  17*7  per  cent.  On  subse- 
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quently  treating  the  purified  resin  with  ether,  from  9'0  to  27*2 
per  cent,  of  the  resin  was  dissolved.  In  the  cases  where  a 
considerable  proportion  of  the  resin  was  dissolved  by  ether, 
Robinson  suggests  there  may  have  been  an  admixture  of  unofficial 
jalap  or  other  adulteration. 

H.  Hager  (abst.  Analyst,  viii.  39;  Pharm.  Jour.,  [3],  xiii. 
264)  has  suggested  that  the  specific  gravity  of  jalap  root  is  avail- 
able as  a  test  of  quality,  and  that  specimens  having  a  density 
less  than  1'140  should  be  rejected.  Further  inquiry  has  shown 
the  indication  afforded  by  the  specific  gravity  of  jalap  to  be 
fallacious. 


NON-GLUCOSIDAL  BITTER  PRINCIPLES. 

A  considerable  number  of  neutral  and  non-glucosidal  bitter 
substances  receive  applications  in  medicine  and  as  flavouring 
agents,  &c.  In  many  instances  their  chemistry  has  been  very 
incompletely  studied,  while  their  feeble  affinities  render  their 
available  reactions  few  in  number  and  wanting  in  precision. 

The  more  important  members  of  the  group,  e.g.,  the  aloins, 
santonin,  colocynthin,  picro toxin,  hop-bitter,  and  quassiin  and  other 
hop-substitutes  are  considered  in  the  sequel. 

0.  Bach  (Jour,  pract.  Chem.,  1874,  page  188;  Year-Book 
Pharm.,  1874,  page  293)  has  published  some  useful  hints  for  the 
detection  of  certain  bitter  principles  when  occurring  in  medicine. 
He  points  out  that  the  bitter  principles  of  aloes,  colocynth,  worm- 
wood, and  gentian  are  soluble  in  water,  that  those  of  agaric  and 
scammony  (page  146)  dissolve  in  ether,  while  jalap  resin  is 
insoluble  in  either  solvent. 

The  scheme  on  next  page  for  the  detection  of  the  above  bitter 
principles  in  medicines,  &c.,  is  a  tabulated  form  of  Bach's  method 
of  procedure. 

Aloes  Bitters.    Aloins. 

The  article  known  in  commerce  as  aloes  or  bitter  aloes 
is  the  inspissated  juice  which  has  exuded  or  been  pressed  from 
the  leaf  of  various  species  of  Aloe.1  It  contains  a  number  of 
closely  allied  purgative  bitter  principles  generically  called  aloins, 
which  can  be  extracted  from  the  corresponding  aloes  by  treatment 
with  water. 

1  Interesting  information  on  the  preparation  of  aloes  from  the  juice  of  the 
plant  is  given  in  a  paper  by  E.  M.  Holmes  (Pharm.  Jour.,  [3],  xxiii.  233). 
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CHARACTERS   OF   ALOINS. 


W.  A.  Tilden  (Pharm.  Jour.,  [3],  ii.  845;  vi.  208)  divides 
aloins  into  two  classes,  nataloins  and  barbaloi'ns. 

1.  Natalo'ins  are  not  reddened  by  treatment  \vith  nitric  acid, 
even  on  heating  ;  and  do  not  form  any  definite  chloro-  or  bromo- 
derivatives  which  yield  only  picric  and  oxalic  acids  as  pro- 
ducts of  the  oxidation. 

2.  Barbalo'ins    are    reddened    by  nitric    acid,  and  in  addition 
to  picric  and    oxalic  acids  yield  aloe  tic  acid,  C7H2N205,  and 
chrysammic  acid,    C14H4(N02)404,  as  products    of  the  treat- 
ment.     According  to  Tilden  the  barbaloins  do  not  form  definite 
chloro-  or  bromo-derivatives. 

W.  A.  Shenstone  (Pharm.  Jour.,  [3],  xiii.  461)  further  dis- 
tinguishes a-barbalo'in  from  Barbadoes  aloes,  which  is  reddened 
in  the  cold  by  nitric  acid;  and  /3-barbalo'ins  from  Jafferabad, 
Socotrine,  and  Zanzibar  aloes,  which  are  not  coloured  in  the  cold 
by  nitric  acid  of  1*42  specific  gravity,  though  reddened  on  heating. 
The  /3-barbaloins  are,  however,  reddened  by  cold  fuming  nitric 
acid. 

The  composition  of  the  aloins  is  not  accurately  known,  though 
their  formula  approximates  to  C16H1S07,  which  on  the  whole  is 
the  most  probable.  According  to  Sommaruga  (Jahresber.,  1874, 
p.  899)  socotrine  aloes  contains  a  mixture  of  an  aloi'n  of  the 
formula  C15H1(J07  with  another  of  the  formula  C17H1807.  Natal 
aloin  is  said  to  contain  C25H28011  or  C24H26010. 

Most  discrepant  statements  are  also  recorded  respecting  the 
solubility,  physiological  activity,  susceptibility  to  air  and  heat,  and 
other  characters  of  the  aloins  (see  J.  F.  Brown,  Pharm.  Jour., 
[3],  xvii.  678).  Thus,  alo'in  (source  doubtful)  is  stated  by  various 
authorities  to  dissolve  in  60,  in  90,  and  in  500  parts  of  water; 
and  to  be  insoluble,  freely  soluble,  and  soluble  in  30  parts  of 
alcohol.  The  British  Pharmacopoeia  of  1885  describes  aloin 
(source  indefinite)  as  sparingly  soluble  in  cold  water,  more  so  in 
cold  rectified  spirit,  freely  soluble  in  hot  water  or  alcohol,  and 
insoluble  in  ether. 

According  to  the  United  States  Pharmacopoeia  of  1890,  aloin 
from  Barbadoes  aloes  (i.e.,  a-barbaloin)  is  soluble  in  about  60 
parts  of  cold  water,  in  20  parts  of  alcohol,  or  in  470  parts  of 
ether.  /3-barbaloin  from  Socotrine  aloes  ("  socotrin  ")  is  stated 
to  be  soluble  in  about  60  parts  of  water,  30  parts  of  absolute 
alcohol,  380  parts  of  ether,  or  9  parts  of  acetic  ether. 

Alo'in  from  Barbadoes  aloes  was  obtained  byE.  Gronewold 
(Arch.  Pharm.,  [3],  xxviii.  115;  abst.  Jour.  Chem.  Soc.,  1880, 
page  639)  in  small,  pale  yellow,  prismatic  needles,  melting  at 
147°.  (According  to  Schmidt  the  melting-point  of  barbaloin 
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is  from  142°  to  145°.)  The  air-dried  crystals  obtained  from  a 
concentrated  alcoholic  solution  are  regarded  by  Gronewold  as 
containing  C16H1607+3  aqua  or  3J  aqua.  The  moist  crystals 
readily  become  discoloured,  especially  if  exposed  to  light.  They 
dissolve  very  sparingly  in  cold  water,  but  readily  on  boiling,  the 
hot  solution  rapidly  becoming  brown.  Barbaloin  is  only  slightly 
soluble  in  ether,  chloroform,  carbon  disulphide,  benzene  or 
petroleum-spirit.  Acetic  acid  dissolves  it  readily,  and  this  solu- 
tion is  not  affected  by  the  air.  A  brom  aloin  of  the  composition  ' 
C16H13Br307  +  4  aqua  is  described  by  Gronewold,  who  also  obtained 
with  difficulty  a  triacetyl-deri vative,  C16H13  Ac307  +  J  aqua, 
in  soft  yellow  needles,  and  a  hexacetyl-deri vative  forming 
white,  hard,  columnar  crystals.  On  oxidation  with  chromic  acid 
mixture  barbaloin  yields  acetic  acid,  carbon  dioxide,  and  allo- 
xanthin,  C14H3(CH3)(OH)402. 

Gronewold  regards  the  alo'in  from  Curapoa  aloes  as  identical 
with  that  from  Barbadoes  aloes. 

Alo'in  from  Natal  aloes  is  said  by  Gronewold  to  contain 
C24H26010  or  C23H23(O.CH3)09,  with  a  variable  quantity  of  water 
of  crystallisation.  It  forms  bright  yellow  scales  or  large  well- 
formed  crystals,  which  soften  in  a  capillary  tube  at  180°  and 
melt  with  decomposition  at  about  210°.  These  characters, 
together  with  its  resistance  to  the  action  of  alkalies  and  the 
presence  of  a  methoxyl-group,  distinguish  nataloin  from  barbaloin. 
On  treatment  with  chromic  acid  mixture,  nataloin  yields  acetic  acid 
and  carbon  dioxide,  quinol  being  probably  formed  in  addition. 

In  alcoholic  solution,  the  aloins  are  neutral  to  litmus.  Their 
aqueous  solutions  are  coloured  green  or  greenish-black  by  ferric 
chloride,  and  are  gradually  precipitated  by  a  solution  of  basic  lead 
acetate. 

In  acid  or  neutral  solutions  the  aloins  are  tolerably  stable,  but 
in  presence  of  alkalies,  in  which  they  dissolve  with  orange  colour, 
they  readily  undergo  decomposition. 

The  action  of  dilute  mineral  acids  on  the  aloins  has  been  studied 
with  very  discordant  results.  According  to  Czumpelik  and 
Rochleder  (1861),  by  treating  aloin  with  dilute  sulphuric  acid, 
glucose  and  rottlerin  are  produced.  Kossmann  describes 
the  products  of  the  action  as  glucose,  aloeresic  acid,  C30H32014, 
aloeretic  acid,  C30H34015,  and  aloeretin,  C30H18On.  Tilden, 
however,  denies  the  formation  of  glucose.  Hlasewetz  states  that 
paracoumaric  acid  is  formed,  and  Kochleder  and  Czum- 
pelik obtained  the  same  body  by  the  action  of  caustic  potash  on 
aloin. 

Great    discrepancies    occur  in  the  recorded  statements  of   the 
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proportion  of  aloi'n  present  in  commercial  aloes.  No  trustworthy 
method  of  determining  aloin  appears  to  have  been  devised ;  but 
the  following  method,  described  by  W.  A.  Til  den,  is  regarded  by 
H.  C.  Plenge  (Amer.  Jour.  Pharm.,  Oct.  1884)  as  the  best 
practicable  plan  of  preparing  aloin  on  the  small  scale  from  most 
varieties  of  aloes  : — 25  grammes  of  the  sample  should  be  dis- 
solved in  boiling  water,  the  liquid  acidulated  with  hydrochloric 
acid,  and  allowed  to  cool.  It  is  then  decanted  from  the  precipi- 
tated resinous  matter,  evaporated  to  about  50  c.c.,  and  set  aside 
for  two  weeks  for  crystals  to  form.  The  liquid  portion  is  then 
poured  off,  and  the  crystals  pressed  between  folds  of  bibulous 
paper.  The  crude  aloin  thus  obtained  is  contaminated  with  a 
considerable  quantity  of  resin,  from  which  it  is  best  purified  by 
treating  it  with  acetic  ether,  with  occasional  agitation,  till  the 
liquid  acquires  a  brown  colour,  and  the  yellowish  colour  of  the 
crystals  can  be  distinguished.  The  liquid  is  then  quickly  and 
carefully  poured  off,  and  the  crystals  dried.  Treated  in  this 
manner,  Barbadoes  aloes,  for  which  the  method  is  specially 
adapted,  gave  an  average  of  9  per  cent,  of  alo'in ;  while  Cura£oa 
averaged  7*5,  and  Bonare  7  per  cent.  Socotrine  aloes  yielded  3 
per  cent.,  but  on  repeating  the  process  on  the  same  sample,  no 
aloin  could  be  obtained.  It  was,  however,  isolated  to  the  amount 
of  10  per  cent,  by  digesting  one  part  of  the  aloes  in  three  parts  of 
alcohol  for  twenty-four  hours,  and  then  heating  the  liquid  over  a 
water-bath  for  two  hours.  After  cooling,  the  liquid  was  poured 
olf  from  the  resin,  filtered,  and  set  aside  in  a  loosely  covered  disli 
to  crystallise.  The  crystals  of  aloin  were  washed  with  a  little 
alcohol,  and  dried. 

The  preparation  of  aloin  has  been  investigated  more  recently 
by  T.  Woodruff  (Pharm.  Jour.,  [3],  xix.  773),  who,  as  the 
result  of  numerous  experiments,  recommends  the  following  pro- 
cess : — 20  grammes  of  Barbadoes  aloes  were  heated  over  the 
water-bath  with  about  40  c.c.  of  amylic  alcohol,  in  a  flask  fur- 
nished with  a  reflux  condenser.  The  liquid  was  decanted  while 
hot  into  a  beaker,  where  it  solidified  on  cooling,  and  in  three  days 
formed  a  mass  of  which  the  major  part  consisted  of  impure 
crystals  of  aloin.  The  mass  was  pressed  and  percolated  with 
carbon  disulphide  to  dissolve  admixed  resin,  and  the  solvent  then 
washed  out  with  benzene.  From  the  dried  crude  aloin  thus 
obtained  a  pure  product  was  obtained  by  redissolving  in  cold 
water  (hot  water  dissolves  resinous  matter),  filtering,  and  allowing 
the  aloin  to  crystallise  spontaneously  from  the  filtrate. 

C.  A.  Serre  (Pharm.  Jour.,  [3],  xxv.  840)  gives  the  following 
data  illustrating  the  quality  of  typical  samples  of  commercial 
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aloin,  which  is  now  employed  very  extensively  for  the  manufacture 
of  pills.1 


Colour. 

Melting-point 

Resin. 

Ash. 

A.  American, 

Bright  pale  yellow. 

°C. 
110 

... 

.., 

B.  American, 

Brown. 

140 

5-8  per  cent.     1-4  per  cent. 

C.  English,. 
D.  German, 

Greyish-yellow. 
Deep  bright  yellow. 

145 
(softens  only)  . 
142 

4-7        }) 
1-3 

Serre  remarks  that  the  ash  of  B  was  white,  but  the  ash  of  C 
and  D  consisted  chiefly  of  iron,  to  which  impurity  he  attributes 
the  dull  colour  of  sample  C.  He  adds  that  the  best  quantitative 
test  for  resin — the  precipitation  of  an  ammonio-alcoholic  solution 
with  a  large  volume  of  ice-water — gave  negative  results  in  the 
cases  of  C  and  D,  although  the  presence  of  resin  could  be  detected 
qualitatively,  and  was  indicated  by  the  colour  of  the  preparation. 
Serre  recommends  as  a  test  for  absolute  freedom  from  resin  that 
1  gramme  of  the  finely  powdered  aloin  should  be  shaken  in  a 
test-tube  with  20  c.c.  of  water,  and  allowed  to  stand  for  one 
minute.  The  resultant  solution  should  be  perfectly  clear.  A  was 
the  only  one  of  the  above  samples  which  stood  this  test.  A 
melting-point  of  approximately  116°  should,  according  to  Serre, 
be  insisted  on.  This  condition  is  not  consistent  with  recorded 
melting-points  of  pure  aloins  (pages  153,  154). 

COMMERCIAL  ALOES  vary  in  physical  and  chemical  characters 
according  to  their  origin.  The  chief  varieties  are  those  known  as 
Barbadoes,  Cape,  Natal,  Hepatic,  Socotrine,  and  Zanzibar  aloes. 

According  to   the    British    Pharmacopoeia    (1885),  Barbadoes 

1  Some  useful  hints  on  the  preparation  of  aloi'n  on  a  large  scale  have  been 
published  by  C.  A.  Serre  (Phartn.  Jour.,  [3],  xxv.  839).  He  points  out  that 
complete  combustibility  and  insolubility  in  alcohol  are  no  indication  of  the 
absence  of  resin.  In  preparing  aloin  it  is  usual  to  employ  dark  aloes  as  being 
of  lower  price,  but  such  a  practice  is  held  by  Serre  to  be  objectionable.  The 
selected  aloes,  which  should  be  of  a  liver  colour  and  clear  fracture,  are  dis- 
solved in  water  at  a  temperature  not  exceeding  40°  C.,  and,  when  solution 
appears  complete,  more  water  is  added  as  long  as  further  precipitation  of  resin 
occurs.  The  liquid  is  then  allowed  to  stand,  and  the  bright  solution  con- 
centrated in  vacua  and  set  aside  to  crystallise.  The  mother-liquor  is  then 
drawn  off,  and  the  aloin  pressed  and  purified  by  suitable  solvents  and 
recrystallisation.  The  last  traces  of  resin  can  only  be  removed  from  the  aloin 
by  elaborate  mechanical  and  chemical  methods,  impracticable  on  a  small 
scale. 
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aloes  is  the  juice,  when  inspissated,  which  flows  from  the  trans- 
versely cut  leaves  of  Aloe  vulgaris  ;  imported  from  Barbadoes  and 
the  Dutch  West  Indian  Islands,  and  known  in  commerce  as 
Barbadoes  and  Cura9oa  Aloes.  Socotrine  aloes  is  described  as 
the  similar  product  from  Aloe  Pernji  (Baker);  imported  princi- 
pally by  way  of  Bombay  and  Zanzibar,  and  known  in  commerce 
as  Socotrine  and  Zanzibar  Aloes. 

The  following  tabular  statement  is  compiled  from  the  charac- 
ters of  Barbadoes  and  of  Socotrine  Aloes  given  in  the  British 
Pharmacopoeia  : — 


BARBADOES  ALOES. 

SOCOTRINE  ALOES. 

Colour,  . 

Varies    from    deep    reddish- 
brown    or    chocolate-brown 
to   dark   brown   or   almost 
black. 

Various  shades  of  reddish-brown, 
darkening  by  exposure  to  air. 
("In  other  cases,  Socotrine 
aloes  is  more  or  less  opaque 
and  liver-coloured,  and  is  then 
known  as  hepatic  aloes.") 

Fracture, 

Usually   dull    and    waxy,    or 
sometimes       smooth      tuid 
glassy. 

Usually  smooth  and  resinous,  or 
rarely  rough  and  irregular. 

Thin  films,    . 

Translucent  ;  orange-brown. 

Transparent  ;  orange  -  ruby  -  red 
(sic)  or  orange-brown. 

Powder, 

Dull  olive-yellow. 

Bright  tawny  reddish-brown. 

Odour,   . 

Strong  and  disagreeable. 

Strong  and  somewhat  agreeable. 

Taste,    . 

Bitter  and  nauseous. 

Very  bitter. 

Both  these  varieties  of  aloes  are  described  as  almost  entirely 
soluble  in  proof -spirit ;  and  as  exhibiting  numerous  crystals  when 
moistened  with  rectified  spirit  and  examined  in  a  thin  stratum 
under  the  microscope. 

Barbadoes  aloes  of  good  quality  is  almost  wholly  soluble  in 
water,  but  only  about  50  per  cent,  of  Socotrine  aloes  dissolves. 
The  aqueous  solution  of  aloes  is  coloured  dark  brown  by  alkalies, 
and  olive-green  or  greenish-black  by  ferric  chloride. 

The  chief  application  of  aloes  is  in  medicine.  Aloi'n  is  the 
active  ingredient  of  certain  proprietary  pills.1  Colouring  matters 
have  been  manufactured  from  aloes,  and  aloes  have  also  been 
employed  as  hop-substitutes. 

According  to  W.  Lenz,  if  aloes  be  extracted  with  amylic  alcohol, 
the  solution  evaporated,  the  residue  treated  with  nitric  acid  and 
again  evaporated,  and  this  second  residue  boiled  with  caustic 
potash  and  potassium  cyanide,  a  blood-red  coloration  will  be 


1  E.  M.  H  o  1  m  e  s  is  of  opinion  that  aloin  is  not  the  only  active  constituent 
of  aloes. 
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obtained.  This  reaction  is  evidently  based  on  the  formation 
of  picric  acid  by  the  action  of  nitric  acid  on  aloin  and  its  subse- 
quent reduction  to  picramic  acid  by  treatment  'with  potassium 
cyanide. 

W.  Lenz  also  finds  that  useful  reactions  for  aloes  are  obtained 
by  treating  an  aqueous  solution  of  the  amylic  alcohol  extract 
with  basic  lead  acetate,  mercurous  nitrate,  tannin,  and  brominated 
potassium  bromide.  The  extract  reduces  gold  chloride  and  alkaline 
cupric  solutions. 

A  test  for  aloes,  described  by  Borntrager  (Zeits.  Anal.  Cliem., 
xix.  165),  which  gives  fairly  good  results  with  unmixed  aloes, 
consists  in  extracting  the  substance  with  alcohol,  filtering,  shaking 
the  evaporated  filtrate  with  benzol,  removing  the  benzol  layer, 
and  agitating  it  with  ammonia,  when  the  aqueous  layer  will,  on 
standing,  assume  a  pink  or  violet-red  colour  if  aloes  be  present. 
With  most  kinds  of  aloes  a  very  considerable  time  (e.g.,  twenty- 
four  hours)  is  requisite  for  the  development  of  the  colour  ;  and  a 
similar  reaction  is  given  by  rhubarb  and  other  drugs  containing 
chrysophanic  acid.  In  testing  beer  and  similar  liquids  for  aloes, 
Borntrager  shakes  at  once  with  benzol.  According  to  Groves 
(Pharm.  Jour.,  [3],  ii.  1045)  Borntrager's  reaction  is  due  to  a 
tannin-like  substance  and  not  to  alo'in. 

Klunge  (Archiv.  Pharm.,  1883,  page  363)  operates  on  an 
aqueous  solution  of  the  substance  to  be  tested  for  aloes.  This  is 
further  diluted  with  water  till  nearly  colourless,  when  a  drop  of 
a  solution  of  cupric  sulphate  is  added.  An  intense  yellow  colora- 
tion is  produced,  changing  to  greenish  on  standing  or  with  excess 
of  copper  solution.  On  adding  a  solution  of  sodium  chloride  or 
potassium  bromide  and  warming,  the  colour  changes  to  a  deep  red 
or  reddish-violet.  The  same  change  is  produced  in  the  cold  if 
alcohol  be  added.1  But  all  varieties  of  aloes  do  not  give  the 
red  colour,  and  the  yellow  is  not  observable  in  solutions  already 
containing  a  yellow  colouring  matter. 

Fluckiger  treats  the  substance  to  be  tested  with  strong 
sulphuric  acid,  and  exposes  the  mixture  to  the  vapours  of  nitric 
acid,  which  produce,  with  certain  kinds  of  aloes,  a  play  of  colours 
passing  through  green,  blue,  and  violet  to  crimson.  The  test  is 
useless  when  a  mixture  is  to  be  examined  for  aloes. 

Cripps  and  Dymond  (Pharm.  Jour.,  [3],  xv.  633)  recom- 
mend the  following  test  for  the  detection  of  aloes  in  pharma- 
ceutical preparations  : — one  grain  of  the  solid  substance  to  be 
tested  (or  the  residue  obtained  on  evaporation  of  the  liquid)  is 

1  The  author  has  verified  Klunge's  reaction,  which  is  certainly  remarkable. 
It  is  difficult  to  explain  the  effect  produced  by  sodium  chloride. 
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treated  in  a  porcelain  dish,  or  in  a  glass  mortar  standing  on  white 
paper,  with  16  drops  of  strong  sulphuric  acid,  and  triturated 
until  the  whole  is  dissolved.  Four  drops  of  nitric  acid  of  1'42 
specific  gravity  are  then  added,  and  this  is  followed  by  1  ounce 
of  distilled  water,  when,  in  presence  of  aloes,  a  colour  will  be  pro- 
duced varying  from  deep  orange  to  crimson,  according  to  the  kind 
of  aloes  employed.  The  result  is  confirmed  by  adding  ammonia, 
when  the  colour  is  intensified,  usually  to  a  deep  claret.  The  test 
not  only  allows  of  the  detection  of  aloes,  but  gives  a  fair  indica- 
tion of  the  kind  of  aloes  under  examination. 

Cripps  and  Dymoiid  have  applied  the  above  test  to  a  number 
of  samples  of  aloes  of  various  kinds,  and  have  also  used  Born- 
trager's,  Klunge's,  and  Fluckiger's  tests  to  the  same  samples.  The 
table  on  page  159  shows  the  results  obtained. 

Bainbridge  and  Morrow  (Pharm.  Jour.,  [3],  xx.  570) 
have  applied  certain  of  the  above  tests  to  other  specimens  of  aloes, 
both  commercial  and  directly  prepared  from  the  juice  of  the 
leaves  of  plants  of  known  species  growing  at  the  Royal  Botanic 
Gardens,  Kew.  They  observed  the  following  facts : — When 
sulphuric  acid  is  mixed  with  Natal  aloes,  and  the  vapour  of 
nitric  acid  blown  over  the  liquid,  a  deep  blue  colour  results.  This 
reaction  was  not  given  by  any  other  variety.  True  Socotrine  aloes 
gives  no  reaction  with  nitric  acid,  nor  with  sulphuric  acid  and 
nitric  acid  vapours  (Fluckiger's  test) ;  but  every  commercial  speci- 
men examined  gave  an  evanescent  crimson  with  nitric  acid  and 
some  faint  blue  colour  with  Fluckiger's  test.  On  addition  of 
nitric  acid  to  Cape  aloes,  a  reddish  colour  is  at  first  produced,  but 
this  changes  in  the  course  of  five  minutes  to  a  green,  which  is 
permanent  for  several  hours.  This  reaction  was  always  obtained 
with  Cape  aloes,  and  was  not  simulated  by  any  other  variety. 
The  only  variety  of  Kew  aloes  which  gave  the  reaction  was 
prepared  from  a  specimen  of  Aloe  Africana.  Several  of  the  Kew 
specimens,  when  treated  with  bromine- water,  gave  a  coloration 
varying  from  pale  to  dark  purplish-red  or  damson ;  but  none  of 
the  commercial  specimens  yielded  any  similar  reaction.  (See  also 
E.  M.  Holmes,  Pharm.  Jour.,  [3],  xx.  562;  xxi.  899;  xxiii. 
232.)  J.  Bainbridge  has  described  the  results  of  similar 
experiments  on  other  samples  of  aloes  of  different  origins  (Pharni. 
Jour.,  [3],  xxi.  899). 

Cripps  and  Dymond  have  further  applied  their  test  to  various 
complex  mixtures,  with  a  view  of  ascertaining  if  aloes  could  be 
detected  therein  when  present,  and  whether  any  other  substances 
would  give  a  similar  reaction  (Pharm.  Jour.,  [3],  xv.  634).  They 
found  that  aloes  could  always  be  detected  when  present,  and,  of 
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the  numerous  pharmaceutical  preparations  tried,  no  other  substance 
gave  a  similar  reaction  except  senna,  and  substances,  such  as 
rhubarb,  which  contained  chrysophanic  acid.  But  a  nearly 
colourless  aqueous  solution  of  aloes  is  not  changed  by  ammonia, 
whereas  with  rhubarb  and  other  substances  containing  chryso- 
phanic acid  a  pink  colour  is  developed.  An  acetic  ether  extract 
of  rhubarb  is  coloured  deep  red  on  treatment  with  strong  sulphuric 
acid,  as  is  a  similar  extract  from  aloes.  But  on  subsequently 
adding  nitric  acid  the  colour  due  to  aloes  is  intensified,  whereas 
that  produced  by  chrysophanic  acid  is  immediately  destroyed.  This 
behaviour  allows  of  the  detection  of  aloes  in  presence  of  rhubarb, 
&c.,  while  the  pink  colour  produced  in  an  aqueous  extract  on 
addition  of  ammonia  permits  of  the  converse  being  effected. 

For  the  determination  of  aloes  in  mixtures,  H.  Hager  evapo- 
rates the  liquid  to  dryness,  and  macerates  the  cooled  and  pulverised 
residue  with  a  mixture  of  two  volumes  of  chloroform,  three  of 
benzol,  and  one  of  absolute  alcohol.  This  dissolves  the  resins 
of  jalap,  scammony,  myrrh,  senna,  guaiacum,  &c.  The  residue, 
which  contains  the  aloes  intact,  is  treated  at  50°  C.  with  alcohol 
of  80  per  cent.  The  solution  is  evaporated  to  dryness  in  a 
weighed  dish,  and  the  residue  treated  with  12  to  15  c.c.  of  a 
2  per  cent,  solution  of  ammonia  for  every  gramme  of  residue.  To 
the  filtered  liquid  an  excess  of  lead  acetate  is  added,  and  a  few 
drops  of  ammonia  to  ensure  an  alkaline  reaction.  The  pre- 
cipitate, which  contains  all  the  aloes,  is  washed  with  water  and 
mixed  with  ammonium  sulphate.  The  mixture  is  then  exhausted 
with  80  per  cent,  alcohol,  and  the  weight  of  aloes  ascertained 
from  that  of  the  residue  left  on  evaporating  the  filtered  alcoholic 
solution. 

For  the  detection  of  aloes  in  animal  matters,  such  as  faeces,  J. 
Dietrich  (Dorpat  Thesis,  1885;  abst.  Analyst,  x.  186)  digests 
the  substance  with  water  acidulated  with  sulphuric  acid,  then 
macerates  for  twelve  hours  with  three  volumes  of  strong  alcohol, 
concentrates  the  filtered  liquid,  and  agitates  the  residue  succes- 
sively with  petroleum-spirit  and  amylic  alcohol.  On  evaporating 
the  latter  liquid,  the  aloin  is  obtained  in  a  state  fit  for  the  applica- 
tion of  the  ordinary  tests.  Dietrich  treats  it  with  nitric  acid, 
evaporates  at  100°,  dissolves  the  residue  in  alcohol,  and  treats  the 
deep  red  solution  with  a  drop  of  an  alcoholic  solution  of  potassium 
cyanide,  which  produces  a  rose  coloration  in  presence  of  aloin. 
Dietrich  is  of  opinion  that  on  taking  aloin  or  aloes  the  greater 
portion  is  excreted  with  the  fasces  ;  a  small  portion  only  is  absorbed 
and  passes  mostly  through  the  kidneys,  while  the  remainder  enters 
the  liver,  and  with  the  bile  is  conveyed  back  into  the  intestines. 
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Artemisia  Bitters. 

Various  species  of  Artemisia  contain  non-glucosidal  bitter  prin- 
ciples, of  which  santonin  is  the  most  important.  Absinthiin 
is  a  bitter  principle  contained  in  wormwood. 

SANTONIN,  C15H1803,  is  commonly  obtained  from  the  so-called 
"worm-seeds  "  (Flares  cince),  really  consisting  of  the  unexpanded 
flower-heads  of  Artemisia  maritima,  A.  cina,  or  of  closely  allied 
varieties,  which  contain  from  1 J  to  2  per  cent,  of  the  bitter  prin- 
ciple.1 

Santonin  is  the  anhydride  or  lactone  of  santoninic 
acid,  C15H20O4,  a  derivative  of  naphthalene.  A  large  number  of 

1  For  the  preparation  of  santonin  from  worm-seeds,  the  volatile  oil  is  first 
extracted  by  petroleum-spirit,  and  200  grammes  of  the  residue  then  boiled 
with  70  grammes  of  slaked  lime,  400  c.c.  of  water,  and  400  c.c.  of  rectified 
spirit,  this  treatment  being  twice  repeated.  The  liquid  is  filtered,  evaporated 
to  about  500  c.c.,  and  a  little  hydrochloric  acid  added.  The  greenish  resin 
thereby  separated  is  filtered  off,  and  the  filtrate  treated  with  a  slight  excess  of 
hydrochloric  acid.  This  liberates  santoninic  acid,  which  soon  decomposes 
with  formation  of  santonin,  which  crystallises  out.  The  product  is  purified 
by  washing  with  cold  water,  solution  in  alcohol,  decolorisation  by  animal 
charcoal,  and  recrystallisation. 

The  manufacture  of  santonin  on  a  large  scale  is  carried  out  at  Tschimkent, 
which  is  conveniently  situated  to  the  principal  source  of  the  plant  on  the 
Kirghiz  steppes.  The  worm-seeds  are  ground  with  lime  and  water,  hot 
alcohol  added  to  the  cooled  mixture,  the  alcohol  distilled  off,  and  the  residual 
liquid  neutralised  with  hydrochloric  acid.  The  crude  santonin  which  crystal- 
lises out  after  a  few  days  is  washed  with  cold  water.  During  the  process  of 
extraction  a  quantity  of  resinous  substance  is  formed,  which  on  treatment 
with  a  warm  solution  of  sodium  carbonate  yields  a  large  quantity  of  san- 
tonin. The  animal  charcoal  which  is  employed  to  decolorise  the  alcoholic 
solution  absorbs  a  large  quantity  of  santonin.  The  yield  of  pure  santonin 
obtained  amounts  to  1*8  to  2*0  per  cent,  of  the  plant  originally  taken.  A. 
B  u  s  c  h  recommends  the  separation  of  the  accompanying  resin  from  crude 
santonin  by  the  addition  of  lead  acetate  to  the  alcoholic  solution  (Jour.prakt. 
Chem.,  xxxv.  322  ;  abst.  Jour.  Soc.  Chem.  Ind.,  1887,  559).  According  to  a 
modified  process,  the  worm-seed  is  treated  with  milk  of  lime,  the  extract 
precipitated  by  sodium  carbonate,  and  the  filtered  liquid  warmed  to  70° 
and  decomposed  by  sulphuric  acid.  On  cooling,  santonin  separates  in  large 
crystals. 

To  test  the  solutions,  &c.,  obtained  in  the  process  of  extraction  for  san- 
tonin, J.  Kossanowski  precipitates  any  colouring  matter  with  basic  lead 
acetate,  and  gently  heats  a  few  drops  of  the  filtrate  in  a  porcelain  crucible. 
Concentrated  sulphuric  acid  is  then  added,  which  on  further  heating  will 
produce  a  violet  coloration,  the  intensity  of  which  is  an  indication  of  the 
amount  of  santonin  present  (Dingl.  polyt.  Jour.,  cclxviii.  42  ;  abst.  Jour. 
Soc.  Chem.  2nd.,  1888,  pp.  422,  458). 
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isomeric  and  closely  allied  compounds  are  known,  as  indicated  by 
the  following  formulae  : — 

Santinic  acid  and  Iso-santinic  acid,  ....  C15H1602 
Hyposantonin,  Iso-hyposantonin,  and  Dihydro-santinic  )  p  TT  /~v 

acid  and  Dihydro-iso-santinic  acid,  .  .  .  f  15  18  2 
Santoneous  or  Hyposantonic  acid,  and  Hydrosantonide,  C15H2003 
Santonin,  and  a-  and  /3-metasantonin,  .  .  .  C15H1803 
Santoninic  acid,  Santonic  acid,  m-  and  jp-Santonic  acids,  )  p  TT  r* 

and  Photosantolactone, )  Li5M20U4 

Hydrosantonic  acid,  ......     C15H2204 

Photosantonic  acid,  and  Iso-photosantonic  acid,  .  .  C15H2205 

The  allies  and  derivatives  of  santonin  have  been  studied  in 
detail  by  Gucci,  by  Grassi-Cristaldi  (Gazzetta,  xx.  i.  1  ;  abst.  Jour. 
Chem.  Soc.,  1892,  p.  869),  and  by  J.  Klein  (Ber.  xxv.,  §  317). 

Santonin  crystallises  in  flattened  columns,  in  feathery  radiating 
groups,  or  in  pearly  plates  having  a  slightly  bitter  taste.  It  has 
a  specific  gravity  of  1'247  at  20°,  melts  at  168°-170°  C.,  and 
when  heated  cautiously  may  be  sublimed  unchanged.  When  more 
strongly  heated  santonin  becomes  reddish  brown,  evolves  white 
fumes,  and  on  cooling  sets  to  a  clear  brown  vitreous  mass,  which 
is  reddened  on  treatment  with  a  little  dry  caustic  alkali  or  slaked 
lime. 

On  exposure  to  light,  especially  to  direct  sun-light,  santonin 
acquires  a  yellow  colour.  The  hot  alcoholic  solution  of  this 
altered  substance  is  yellow,  but  deposits  crystals  of  colourless 
santonin  on  cooling. 

Santonin  is  very  sparingly  soluble  in  cold  water  (1 : 5000  at 
15°  C.),  but  dissolves  in  250  parts  of  boiling  water.  It  is  soluble 
in  40  parts  of  cold  rectified  spirit,  and  in  3  parts  at  the  boiling- 
point  ;  in  160  parts  of  cold  or  in  42  of  boiling  ether,  and  in  4 
parts  of  chloroform.  The  solution  of  santonin  in  boiling  water  is 
scarcely  perceptibly  bitter,  but  the  cold  alcoholic  solution  has  an 
extremely  bitter  taste,  and  is  Isevo-rotatory.  Solutions  of  santonin 
do  not  redden  litmus,  but  the  solid  substance  dissolves  readily 
in  alkaline  liquids  to  form  santoninates.  On  adding  excess 
of  hydrochloric  acid  to  the  alkaline  solution,  and  immediately 
shaking  the  milky  liquid  with  ether,  santoninic  acid  is 
extracted. 

Santoninic  acid,  C15H2004,  rapidly  separates  from  its  ethereal 
solution  in  granules,  and  by  recrystallisation  from  alcohol  is 
obtained  in  fine  rhombic  crystals.  It  does  not  become  yellow  on 
exposure  to  light,  and  is  very  sparingly  soluble  in  cold  but  more 
readily  in  hot  water.  The  solution  has  an  acid  reaction,  and  is 
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Isevo -rotatory.  "When  heated  for  some  time  at  120°,  santoninic 
acid  decomposes  into  santonin  and  water,  and  the  same  reaction 
occurs  more  readily  on  addition  of  a  mineral  acid  to  its  solution, 
especially  on  warming. 

Sodium  santoninate,  C15H19Na04  +  3j  aqua,  forms  colourless 
rhombic  crystals,  soluble  in  3  parts  of  cold  water,  and  also 
soluble  in  alcohol. 

Calcium  santoninate,  formed  in  the  extraction  of  santonin  from 
worm-seed,  crystallises  in  colourless  silky  needles,  soluble  in  water 
and  in  dilute  spirit,  but  almost  wholly  insoluble  in  absolute 
alcohol.  The  salt  is  not  decomposed  by  carbon  dioxide,  but 
stronger  acids  cause  a  separation  of  santonin. 

Santoninates  of  the  heavy  metals  can  be  obtained  by  precipita- 
tion. When  boiled  with  water  such  a  santoninate  is  decomposed 
into  pure  santonin  and  the  corresponding  metallic  oxide. 

On  boiling  santonin  for  twelve  hours  with  strong  baryta-water, 
acidulating  the  liquid  with  hydrochloric  acid,  and  shaking  with 
ether,  santonic  acid,  C15H2004,  is  extracted.  This  body  is 
more  stable  than  its  isomer,  santoninic  acid.  It  forms  rhombic 
crystals  which  melt  at  161°— 163°,  is  unacted  on  by  light,  and 
dissolves  sparingly  in  water  but  readily  in  alcohol  to  form  lasvo- 
rotatory  solutions. 

When  treated  with  excess  of  mineral  acids,  santonin  forms 
santonin  resin.  This  product  is  obtained  most  readily  by 
heating  santonin  with  concentrated  hydrochloric  acid  under  pres- 
sure. It  is  formed  during  the  manufacture  of  santonin,  and 
appears  to  be  a  mixture  of  products  of  its  decomposition. 

When  solid  santonin  is  agitated  with  a  5  per  cent,  solution  of 
caustic  potash  in  alcohol,  it  dissolves  with  transitory  carmine-red 
coloration.  The  test  may  be  modified  by  moistening  a  mixture  of 
equal  parts  of  slaked  lime  and  sodium  carbonate  with  alcohol, 
and  adding  santonin,  when  a  fugitive  purple-red  coloration  is 
developed. 

According  to  A.  Busch,  glucose  is  a  product  of  the  action 
of  dilute  sulphuric  acid  on  santonin. 

If  santonin  be  dissolved  in  slightly  diluted  sulphuric  acid,  the 
solution  warmed  on  the  water-bath,  and  a  few  drops  of  ferric 
chloride  added,  a  ring  of  tine  red  colour,  changing  to  purple,  is 
developed  round  each  drop  of  the  reagent,  and  on  continuing  the 
heating  the  purple  colour  changes  to  brown.  T.  Salzer  applies 
the  test  by  treating  O'OIO  gramme  of  santonin  with  1  c.c.  of  strong 
sulphuric  acid  and  1  c.c.  of  water.  This  mixture  acquires  a 
yellow  colour,  and  on  then  adding  ferric  chloride  and  warming 
the  violet  coloration  is  produced. 
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When  santonin  is  treated  with  dilute  phosphoric  acid,  and  the 
solution  evaporated  at  100°,  a  yellow  coloration  is  produced, 
subsequently  changing  to  purple-red. 

If  a  solution  of  santonin  in  strong  sulphuric  acid  be  warmed  on 
the  water-bath  for  a  few  hours,  and  then  diluted  with  water, 
iso-santonin,  C15H1803,  isomeric  with  santonin  itself,  is  precipi- 
tated. When  recrystallised  from  boiling  alcohol  this  body  melts 
at  138°.  It  also  differs  from  santonin  in  being  unaltered  by 
exposure  to  light,  and  in  giving  no  red  coloration  with  sulphuric 
or  phosphoric  acid. 

When  taken  internally,  santonin  produces  a  remarkable  effect 
on  the  vision,  all  objects  appearing  at  first  of  a  bluish  tint,  but 
subsequently  yellow  or  greenish  yellow.1  The  taste  and  smell  are 
also  affected  in  some  instances.  In  larger  doses,  santonin  pro- 
duces marked  poisonous  effects,  the  principal  symptoms  being 
headache,  giddiness,  shivering,  stertorous  breathing,  followed  by 
tetanus,  diminished  action  of  the  heart,  convulsions,  and  finally 
death  by  asphyxia.  The  pupils  are  dilated,  and  vomiting  occurs 
in  some  cases.  The  post-mortem  appearances  are  not  characteristic. 

In  consequence  of  the  occurrence  of  several  accidents  due  to 
the  contamination  of  santonin  with  strychnine,  a  test  for  the  latter 
substance  has  been  introduced  into  the  German  and  United  States 
Pharmacopeias.  The  latter  authority  prescribes  the  following 
mode  of  testing : — To  the  solution  of  the  sample  of  santonin  in 
cold  concentrated  sulphuric  acid,  water  is  added.  The  santonin 
will  be  completely  precipitated,  and  the  supernatant  liquid  should 
not  have  a  bitter  taste,  nor  should  it  be  altered  upon  the  addition 
of  potassium  bichromate  (absence  of  brucine  or  strychnine),  or  of 
mercuric  potassium  iodide  (absence  of  alkaloids  in  general). 

ABSINTHIIN,  C15H2004,  is  a  glucosidal  bitter  principle  existing 
in  wormwood,  Artemisia  absinthium,  wherein  it  is  associated 
with  an  essential  oil,  to  which  is  ascribable  the  toxic  action  some- 
times observed*  as  the  result  of  absinthe  drinking.  The  tonic  effects 
of  wormwood  are  due  to  the  absinthiin. 

For  the  preparation  of  absinthiin,  the  plant  is  exhausted  with 
ether,  the  ether  distilled  off,  and  the  residue  taken  up  with  water. 
The  filtered  liquid  is  shaken  with  hydrated  alumina,  again  filtered, 
and  evaporated  in  vacuo ;  or  shaken  with  ether  and  the  ether 

1  This  curious  and  characteristic  effect  is  apparently  due  to  a  direct  action 
of  santonin  on  the  nervous  elements  of  the  retina,  rendering  the  eye  less 
sensitive  to  the  rays  of  high  refrangibility  (small  wave-length).  The  eye 
thus  becomes  colour-blind  to  the  violet  end  of  the  spectrum.  Hence  only 
the  less  refrangible  rays  produce  a  visual  impression,  and  all  objects  appear 
yellow. 
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evaporated.  Absinthiin  thus  obtained  is  described  by  0.  Senger 
(Arch.  Pharm.,  ccxxx.  94)  as  a  yellowish,  vitreous,  intensely 
bitter  substance,  melting  at  65°.  It  is  soluble  in  water,  alcohol, 
and  ether.  When  boiled  with  dilute  sulphuric  acid,  absinthiin 
yields  dextrose,  a  volatile  product  which  appears  to  be  an  ethereal 
oil,  and  an  amorphous  resinous  compound  of  the  formula  C91H2606, 
which  is  apparently  a  hydroxy-acid  of  the  aromatic  series.  It 
yields  phloroglucol  by  the  action  of  caustic  alkalies,  while  formic, 
acetic,  and  propionic  acids  are  among  the  products  of  its  oxida- 
tion by  chromic  acid  mixture.  When  treated  with  concentrated 
nitric  acid,  absinthiin  yields  oxalic  and  picric  acids. 

Colocynth  Bitter. 

The  fruit  of  the  colocynth  or  bitter  apple,  Citrullus  colo- 
cynthis,  contains  a  neutral  bitter  principle  called  colocynthin.1 

COLOCYNTHIN,  C56H84023,  (?),  is  extracted  from  bitter  apples  by 
exhausting  the  fruit  with  alcohol,  evaporating  the  tincture  to  dry- 
ness,  taking  up  the  residue  with  water,  precipitating  the  liquid 
with  lead  acetate,  removing  the  excess  of  lead  from  the  filtrate, 
and  precipitating  the  colocynth  by  tannin.  The  compound  with 
tannin  is  then  decomposed  by  treatment  with  lead  carbonate,  and 
the  colocynthin  dissolved  out  by  boiling  alcohol. 

Colocynthin  is  described  as  forming  a  yellowish  powder  or 
microscopic  crystals.  It  is  intensely  bitter,  and  poisonous.  Colo- 
cynthin is  readily  soluble  in  water  and  in  boiling  alcohol  to  form 
solutions  neutral  to  litmus.  The  alcoholic  solution  is  precipitated 
on  addition  of  ether.  Colocynthin  is  also  insoluble  in  benzene 
and  petroleum-spirit,  but  is  soluble  in  acetic  ether,  which  extracts 
it  from  its  acidulated  aqueous  solutions.  The  author  found  it  to  be 
imperfectly  extracted  by  chloroform,  but  more  readily  by  ether. 

According  to  Walz,  colocynthin  is  decomposed  by  treatment 
with  acids  with  formation  of  a  glucose  and  colocynthein, 
C44H32013.  G.  He  like,  on  the  other  hand,  states  that  colo- 
cynthin is  unaffected  by  dilute  acids. 

E.  Johannson  (Zeit.  Anal.  Chem.,  xxiv.  154;  abst.  Jour. 
Chem.  Soc.,  1885,  page  606)  states  that  colocynthin,  when  heated 

1  The  pulp  of  the  colocynth  is  official  in  the  British  Pharmacopoeia,  which 
describes  it  as  not  coloured  blue  by  iodine,  and  as  yielding  no  oil  to  ether. 
Proximate  analyses  of  colchicum  fruit  have  been  published  by  L.  E.  S  a  y  r  e 
(Amer.  Jour.  Pharm.,  [4],  Ixvi.  274;  abst.  Pharm.  Jmir.,  [3],  xxiv.  1088). 
The  botanical  structure  of  colocynth  has  been  described  by  "W.  I  n  g  1  i  s 
Clark  (Pharm.  Jour.,  [3],  vii.  509),  and  its  adulterations  discussed  by 
R.  C.  Tich  borne,  N.  B.  Barnes,  and  W.  I.  Clark  (Pharm.  Jour.,  [3],  ix. 
229,  259). 
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with  dilute  sulphuric  acid,  yields  colocynthein,  elate r in, 
and  bryonin.  He  gives  various  reactions  of  these  products. 

Concentrated  sulphuric  acid  dissolves  colocynthin  with  orange- 
red  colour,  carbonisation  occurring  on  heating.  In  concentrated 
hydrochloric  acid  colocynthin  dissolves  with  coloration,  and  on 
boiling  a  dark  green  greasy  substance  is  precipitated,  which,  after 
drying  over  sulphuric  acid,  is  only  partially  soluble  in  ether.  The 
mother-liquor  from  which  this  precipitate  is  obtained  reduces 
Folding's  solution. 

With  sulphomolybdic  acid,  colocynthin  is  said  by  Johann- 
s  o  n  to  give  a  cherry-red  coloration ;  with  sulphovanadic  acid,  a 
blood-red  colour  changing  to  blue  at  the  edges ;  and  a  yellow 
coloration  with  alcohol  and  sulphuric  acid  (distinction  from  solanine 
and  solanidine).  Moistened  with  phenol  and  a  drop  of  sulphuric 
acid,  colocynthin  gives  a  blood-red  coloration  changing  to  orange. 

Colocynthe'in,  C44H32013,  is  not  so  soluble  in  water  as  colocynthin, 
but  is  dissolved  by  ether  and  benzene,  and  is  sparingly  soluble  in 
petroleum-spirit.  It  may  be  extracted  from  acidulated  aqueous 
liquids  by  agitation  with  benzene,  and  the  colocynthin  can  then 
be  removed  by  ethyl  acetate. 

Bitters  of  Cocculus  Indicus. 

The  seeds  of  Anamirta  paniculata  or  Cocculus  Indicus  contain 
several  bitter  principles,  of  which  picro toxin  is  the  most 
characteristic. 

PICROTOXIN,  according  to  Paterno  and  Oglialoro,  confirmed 
by  Schmidt  and  Lowenhardt,  contains  C30H34013.  For  the 
extraction  of  picrotoxin,  Earth  and  Kretschy  exhaust  the 
cocculus  berries  with  boiling  alcohol  or  petroleum-spirit,  evaporate 
the  filtered  solution,  and  extract  the  fatty  residue  with  water. 
The  aqueous  extract  is  precipitated  with  neutral  lead  acetate, 
filtered,  the  filtrate  treated  with  sulphuretted  hydrogen,  and  the 
filtered  liquid  concentrated  to  a  small  bulk,  when  crystals  of 
impure  picrotoxin  separate  on  cooling. 

Earth  and  Kretschy  believed  the  product  thus  obtained  to  be 
a  mixture  of  picrotoxin,  picrotin,  and  anamirtin,  which 
compounds  they  obtained  from  it  by  repeated  crystallisations 
from  benzene  or  water  ;*  but  Paterno  and  Oglialoro  regard 

1  PICROTIN,  C1BH1807  (Paterno  and  Oglialoro),  is  prepared  by  the  action  of 
hydrochloric  acid  on  the  ethereal  solution  of  picrotoxin,  picrotoxinin 
or  picrotoxide,  C16H1606,  being  simultaneously  formed  : — 

^3oH34013  =   C15H1807  +   C15Hi606. 

Picrotoxin.          Picrotin.         Picrotoxinin. 

Picrotin  is  also  formed  when  a  chloroformic  solution  of  picrotoxin  is  allowed 
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all  three  bodies  as  decomposition-products  of  true  picrotoxin,  and 
their  conclusions  are  confirmed  by  the  researches  of  Schmidt  and 
Lowenhardt.  These  latter  chemists  point  out: — (1)  That  true 
picrotoxin  melts  constantly  at  199°-200°  C. ;  (2)  that  picrotoxin 
does  not  lose  weight  when  heated  to  100°,  whereas  picrotoxinin 
loses  its  water  of  crystallisation  (one  molecule) ;  (3)  that  picro- 
toxin, when  treated  with  a  large  quantity  of  benzene  in  the 
cold,  expands,  whereas  neither  picrotin  or  picrotoxinin  expand 
in  the  least ;  and  (4)  that  picrotoxinin,  so  treated  with  benzene, 
undergoes  no  change  in  its  composition,  which  fact  would  scarcely 
be  the  case  were  it  a  mixture  of  the  two,  picrotoxinin  being 
soluble  to  the  extent  of  3 '5  in  1000  of  benzene,  whilst  the 
solubility  of  picrotin  is  only  0'2  in  1000  of  the  same  menstruum. 

The  appearance  and  crystalline  form  of  picrotoxin  vary  with  the 
conditions  of  separation.  Thus,  if  a  fairly  concentrated  solution  be 
evaporated  slowly,  the  picrotoxin  separates  in  well-defined  prisms; 
but  if  the  solution  be  evaporated  rapidly  and  cooled  quickly, 
characteristic  feathery  forms  are  deposited.  When  the  solution  is 
dilute,  picrotoxin  separates  in  long  radiating  needles.  According 
to  the  United  States  Pharmacopoeia,  picrotoxin  occurs  as  colour- 
less, shining,  prismatic  crystals,  or  as  a  micro-crystalline  powder. 

Picrotoxin  is  odourless,  permanent  in  the  air,  and  intensely 
bitter.  It  melts  at  200°  C.  to  a  yellow  liquid,  at  a  higher 
temperature  evolves  acid  fumes  having  an  odour  like  that  of 
caramel,  and  ultimately  chars. 

Picrotoxin  dissolves  very  sparingly  (1  :  200)  in  cold  water,  more 
readily  in  hot  (1  :  25),  and  is  very  soluble  in  boiling  alcohol,  It 
is  also  soluble  in  glacial  acetic  acid,  amylic  alcohol,  and  benzene, 
but  is  only  sparingly  soluble  in  ether  or  chloroform.  It  dissolves 
in  ammonia  and  in  acidulated  water. 

to  stand  in  the  cold,  while  by  boiling  an  aqueous  or  benzene  solution  of  pi- 
crotoxin that  body  is  split  up  into  picrotin  and  picrotoxinin.  Picrotiu  crys- 
tallises with  varying  quantities  of  water.  When  heated  it  darkens  at  245°, 
and  melts  at  250°-251°.  It  has  a  very  bitter  taste,  but  is  not  poisonous. 
Picrotin  reduces  ammonio-silver  nitrate  and  Fehling's  solution.  Its  solution 
in  benzene  is  unaffected  by  boiling  or  by  hydrochloric  acid,  but  it  is  readily 
decomposed  by  alkalies.  With  strong  sulphuric  acid,  picrotin  develops  a 
pale  yellow  colour,  which  changes  to  orange  on  heating. 

PICROTOXININ  or  PICROTOXIDE,  Cj5H]606,H20,  is  also  formed  by  the  action 
of  hydrochloric  acid  on  picrotoxin.  It  crystallises  in  rhombic  plates,  which 
become  anhydrous  at  100°,  and  melt  at  200°.  Picrotoxinin  is  bitter  and 
very  poisonous.  It  dissolves  readily  in  hot  water,  alcohol,  ether,  chloroform, 
and  benzene.  It  is  reduced  by  Fehling's  solution  and  ammonio-silver  nitrate, 
and  gives  colour-reactions  similar  to  those  yielded  by  picrotoxin. 

Anamirtin  is  described  on  page  171. 
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Picrotoxin  may  be  extracted  from  acidulated  aqueous  liquids 
by  agitation  with  chloroform,  ether,  or  amylic  alcohol,  the  first 
menstruum  being  preferable.  Benzene  is  stated  not  to  extract 
it. 

The  alcoholic  solution  of  picrotoxin  is  neutral  in  reaction  and 
laevo-rotatory,  but  the  optical  activity  is  very  variously  stated. 

Picrotoxin  is  neutral  to  litmus,  but  appears  to  possess  feeble  acid 
properties,  since  it  is  not  extracted  from  aqueous  liquids  by  agita- 
tion with  immiscible  solvents  in  presence  of  alkalies.  It  forms 
crystallisable  compounds  with  certain  of  the  alkaloids. 

Picrotoxin  is  not  a  glucoside,  but  it  reduces  Fehling's  solution 
gradually  in  the  cold  and  more  rapidly  on  heating,  the  value  of 
K  being  about  20.  It  also  reduces  silver  from  the  ammonio- 
nitrate. 

Picrotoxin  suffers  ready  decomposition  when  boiled  with  caustic 
alkalies. 

When  a  mixture  of  picrotoxin  with  an  equal  weight  of  caustic 
soda  is  moistened  with  a  drop  of  water,  a  green  coloration  is  pro- 
duced, gradually  changing  to  reddish-brown. 

When  treated  with  cold  concentrated  sulphuric  acid,  picrotoxin 
dissolves  with  bright  yellow  colour,  darkening  to  orange-red  on 
warming,  and  changing  very  gradually  to  reddish-brown.  The 
liquid  exhibits  a  brownish  fluorescence. 

Picrotoxin  gives  no  coloration  with  nitric  acid  of  1'2  specific 
gravity,  but  it  dissolves  in  acid  of  1  '4  sp.  grav.  to  a  liquid  which 
leaves  on  evaporation  a  reddish-yellow  residue,  which  becomes 
bright  red  when  moistened  with  caustic  alkali. 

If  picrotoxin  be  treated  with  strong  sulphuric  acid,  and  a 
minute  crystal  of  nitre  added,  the  mixture  gives  a  coloration  vary- 
ing from  red  to  violet  on  addition  of  excess  of  strong  caustic 
alkali. 

A  mixture  of  picrotoxin  with  cane-sugar  becomes  red  on  treat- 
ment with  strong  sulphuric  acid. 

Aqueous  solutions  of  picrotoxin  are  unaffected  by  auric,  platinic, 
or  mercuric  chloride,  Mayer's  reagent,  tannin,  potassium  ferro- 
cyanide  and  ferricyanide,  and  most  other  of  the  general  reagents  for 
alkaloids. 

Picrotoxin  is  not  precipitated  by  either  neutral  or  basic  lead 
acetate.  K.  Palm  has  pointed  out  (Jour,  der  Pharm.,  [5],  xvii. 
19)  that  if  an  aqueous  or  alcoholic  solution  of  picrotoxin  be 
shaken  vigorously  with  recently-prepared  and  well-washed  lead 
hydroxide  (prepared  by  precipitating  a  solution  of  lead  acetate 
with  ammonia),  the  bitter  principle  is  completely  removed  from 
solution.  If  the  precipitate  be  separated,  dried  gently,  and 
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treated  with  cold  concentrated  sulphuric  acid,  a  bright  yellow 
coloration  will  be  produced,  changing  to  reddish-violet  on  warming. 

Picrotoxin  has  an  intensely  bitter  taste,  and  is  very  poisonous. 
Fish  appear  to  be  specially  susceptible  to  its  action.  When  intro- 
duced into  a  very  dilute  solution  of  picrotoxin,  the  fish  swim 
with  uncertainty,  lose  their  balance,  and  ultimately  rise  to  the 
surface,  lying  on  their  sides  and  opening  their  mouths  and  gill- 
covers  frequently.  These  symptoms,  however,  are  by  no  means 
peculiar  to  poisoning  by  picrotoxin.1 

A.  Wynter  Blyth  considers  frogs  to  be  more  sensitive  than 
fish  to  the  effects  of  picrotoxin.  The  frogs  "  become  first  uneasy 
and  restless,  and  then  somewhat  somnolent;  but  after  a  short 
time  tetanic  convulsions  set  in,  similar  to  those  observed  in 
poisoning  by  strychnine,  but  with  picrotoxin  an  extraordinary  and 
highly  characteristic  swelling  of  the  abdomen  occurs." 

In  toxicological  inquiries,  picrotoxin  will  be  extracted  when  an 
acidulated  extract  of  the  material  is  shaken  with  chloroform  or 
ether.  From  the  residue  left  on  evaporating  the  solvent,  the 
picrotoxin  may  be  dissolved  out  by  hot  water,  and  crystallises 
from  the  solution  on  concentration.  Or  the  aqueous  solution  may 
be  treated  with  neutral  lead  acetate,  avoiding  excess,  and  the 
filtered  liquid  shaken  with  recently  prepared  lead  hydroxide. 
The  precipitate  may  be  decomposed  with  dilute  sulphuric  acid, 
and  the  picrotoxin  extracted  by  ether,  or  reagents  may  be  applied 
to  the  precipitate  itself. 

Cocculus  Indicus,  or  Anamirta  paniculata,  the  berries  of  which 
are  the  source  of  picrotoxin,  is  a  small  climbing  shrub  growing  in 
India  and  the  Malay  Archipelago.  In  India  the  berries  are 
employed  as  a  drug,  and  picrotoxin  itself  is  official  in  the  United 
States  Pharmacopoeia,  having  replaced  the  powdered  cocculus  of 
earlier  editions.  Cocculus  also  forms  an  ingredient  of  an  ointment 
having  a  very  limited  use.  In  England,  cocculus  berries  were 
formerly  employed  as  an  adulterant  of  beer,  but  their  use  for  this 
purpose  is  now  probably  entirely  obsolete.2  They  have  been  used 

1  A  description  of  a  "  fish  -poison "  which  is  probably  derived  from  a 
species  of  Tephrosia  is  published  in  the  Pharm.  Jour.,  [3],  xii.  885. 
D  e  r  r  i  d,  from  Derris  eliptica,  is  another  body  which  has  received  a  similar 
application  (Pharm.  Jour.,  [3],  xxi.  559). 

a  According  to  Dragendorff,  who  was  formerly  chemist  to  the  St 
Petersburg  police,  Cocculus  indicus  has  been  largely  used  for  adulterating 
beer  in  Russia,  and  brewers  have  been  frequently  fined  for  the  practice,  and 
the  beer  confiscated.  Schubert,  of  Wurzburg,  has  stated  that  Bavarian 
beer  has  been  often  adulterated  with  Cocculus  indicus.  In  a  discussion  in 
the  House  of  Commons  (date  not  recorded),  Lord  E.  Cecil  is  stated  to  have 
said  that  the  quantity  of  Cocculus  indicus  imported  into  England  in  1857 
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by  fish-poachers  for  poisoning  fish,  and  a  preparation  known  as 
"Barlow's  poisoned  wheat"  is  stated  to  owe  its  active  properties 
to  the  presence  of  cocculus. 

From  2  to  3  grains  of  picrotoxin,  or  ahout  100  grains  of 
cocculus,  cause  spasms  and  other  symptoms  suggestive  of  strych- 
nine. Strong  contraction  of  the  uterus  has  been  observed.  Chlo- 
roform acts  in  antagonism  to  picrotoxin,  and  prevents  the  spasms 
caused  by  moderate  doses. 

In  two  recorded  cases,  cocculus  berries  have  proved  fatal  to 
human  beings.  In  1829,  several  men,  of  whom  one  died,  were 
poisoned  by  drinking  rum  containing  a  preparation  of  cocculus. 
In  the  other  case,  a  boy  aged  twelve  was  persuaded  to  swallow  a 
powder  containing  cocculus  used  for  poisoning  h'sh.  He  suffered 
intense  pain  throughout  the  whole  length  of  the  alimentary  canal, 
followed  by  fever  and  delirium,  and  died  on  the  nineteenth  day. 
The  post-mortem  symptoms  were  those  of  peritonitis. 

Cocculus  Indicus  berries  contain  from  1  to  2  per  cent,  of 
picrotoxin,  together  with  cocculin  and  anamirtin  (I).1 
The  husks  contain  a  non-poisonous  alkaloid  called  menisper- 
mine,2  but  no  picrotoxin. 

amounted  to  68  cwt. ;  in  1867  the  quantity  had  increased  to  689  cwt. ;  and 
"  last  year,"  that  it  amounted  to  1064  cwt.  These  amounts  are  not  large, 
and  may  possibly  have  received  some  legitimate  application,  but  the  greater 
part  was  probably  re-shipped. 

1  ANAMIRTIN  is  regarded  by  Paterno  and  Oglialoro  as  a  product  of 
the  decomposition  of  picrotoxin,   and  not  as  a  natural  constituent  of  the 
cocculus  berries.     It  remains  in  the  mother-liquor  when  picrotoxin  is  crystal- 
lised from  water.      Anamirtin   forms   short  needles,    probably  containing 
C]9H24010.     When  heated  to  280°  it  chars  without  melting.     It  is  free  from 
bitter  taste,    and   is  not  poisonous.      It  dissolves   in  water,  but  is  only 
sparingly  soluble  in  chloroform  or  benzene.     Anamirtin  does  not  reduce 
Fehling's  solution  or  ammonio-nitrate  of  silver. 

COCCULIN,  C19H2(i010,  is  regarded  by  its  discoverer,  Lowenhardt,  as  probably 
identical  with  the  anamirtin  of  Barth  and  Kretschy.  It  crystallises  in  small 
white  needles,  sparingly  soluble  in  hot  water,  alcohol,  or  ether,  and  insoluble 
in  cold  water  or  ether,  but  slightly  soluble  in  cold  alcohol.  It  is  not  bitter, 
and  it  does  not  yield  the  colour-reactions  of  picrotoxin. 

2  MENISPERMINE,  CjgH^NaOa,  forms  white,  four-sided  prisms,  melting  at 
120°.     It  is  insoluble   in  water,   but  dissolves  in  warm  alcohol  or  ether. 
Menispermine  has  no  bitter  taste,  and  is  not  poisonous.     It  is  a  well-defined 
base  with  alkaline  reaction. 

PARAMENISPERMINE  is  separated  from  menispermine  by  treating  the 
mixed  bases  with  ether,  in  which  the  former  is  insoluble.  It  forms  quadri- 
lateral prisms  or  radiating  crystalline  masses.  It  melts  at  250°,  and  at  a 
higher  temperature  sublimes  unchanged.  The  crystals  are  insoluble  in  water, 
and  nearly  so  in  ether,  but  dissolve  in  absolute  alcohol. 
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Bitters  and  Resins  of  Hops. 

Although  the  bitter  principles  occurring  in  hops  are  substances 
of  considerable  practical  interest,  and  have  been  the  subject  of 
various  investigations,  their  chemistry  is  still  very  imperfectly 
understood.  The  following  is  a  resume  of  the  information  on  the 
subject. 

The  bitter  principle  of  hops  is  stated  by  M.  Isslieb  (ArcJiiv. 
der  Pharm.,  May  1880  ;  Pharm.  Jour.,  [3],  xi.  6)  to  have  a  com- 
position corresponding  to  the  formula  C90H40010.  He  extracted  it 
by  treating  the  aqueous  infusion  of  hops  or  "  lupulin  "  with  animal 
charcoal,  exhausting  the  washed  charcoal  with  alcohol,  taking  up 
the  residue  resulting  from  the  evaporation  of  the  alcohol  with 
water,  and  shaking  the  solution  with  ether.  On  evaporating  the 
ether,  the  bitter  principle  remained  as  a  light  yellow  extract,  which, 
when  heated  to  60°,  became  reddish-yellow,  and  could  be  powdered, 
at  the  same  time  becoming  soluble  with  greater  difficulty  in  cold 
water.  It  dissolved  readily  in  alcohol,  ether,  and  carbon  disulphide, 
but  could  not  be  obtained  crystallised.  The  body  had  a  very  in- 
tense pleasant  bitter  taste,  and  an  aromatic  odour,  resembling  that 
of  hops.  Alkalies  dissolved  the  bitter  with  intense  yellow  colour. 
No  distinct  precipitate  was  formed  by  lead  acetate  or  the  general 
reagents  for  alkaloids.  When  the  bitter  was  treated  in  warm 
aqueous  solution  with  a  large  excess  of  dilute  sulphuric  acid 
(containing  5  per  cent.  H2S04),  the  liquid  at  once  became  very 
turbid,  and  on  standing  for  twelve  hours  deposited  a  brown  in- 
soluble resinous  matter,  lupuliretin,  on  the  bottom  and  sides 
of  the  vessel,  while  the  supernatant  liquid  was  yellow,  clear,  and 
free  from  sugar.  On  neutralising  the  supernatant  liquid  with 
baryta,  filtering  off  the  precipitated  barium  sulphate,  and  evapo- 
rating the  filtrate  to  a  syrup,  a  crystalline  barium  salt  was  obtained 
of  lupulinic  acid.  Isslieb  represents  the  hydrolysis  of  hop- 
bitter  by  dilute  sulphuric  acid  as  follows  : — 

2C29H46010+  3H20  =  C10H1804  +  C48H82019. 

Hop-bitter.  Lupuliretin.     Lupuliuic  acid. 

Lupulinic  acid,  C48H82019,  is  described  by  Isslieb  as  crystalline, 
bitter,  and  soluble  in  water.  It  does  not  appear  to  be  identical 
with  the  lupulic  acid  of  Bungener  (page  173). 

Lupuliretin,  C10H1804,  is  a  brownish,  aromatic,  resinous  body 
which  could  not  be  obtained  crystalline.  It  is  related  to  the 
essential  oil  and  the  resin  of  hops,  and  is  said  by  Isslieb  to  differ 
from  the  latter  by  the  elements  of  water.  Isslieb  suggests  that 
hop-resin  is  derived  from  hop-oil  by  oxidation  with  elimination  of 
the  elements  of  water,  while  the  substance  insoluble  in  ether, 
to  which  Isslieb  attributes  the  formula  C10H1806,  is  perhaps  a  pro- 
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duct  of  the  simple  oxidation  of  hop-oil.     These  conjectures  are 
represented  by  Isslieb  as  follow  : — 

CioH180   +   05     =    C10H1806. 

Essential  oil.  Ether-insoluble  body. 

C10H180   +   04     =   C10H1403   +   2H20. 

Essential  oil.  Hop-resin. 

C10H1403+  H20=   C10H1604. 

Hop-resin.  Lupuliretin. 

The  foregoing  results  of  Isslieb  are  by  no  means  in  accordance 
with  those  of  H.  Bungener,  who  describes  the  bitter  principle 
of  hops  as  a  crystallisable  acid  substance  insoluble  in  water 
(Pharm.  Jour.,  [3],  xiv.  1008;  abst.  Jour.  Chem.  Soc.,  1884, 
page  1366  ;  1886,  page  809).  The  same  substance  had  been 
previously  obtained  by  Lermer. 

LUPULIC  ACID,  C50HH.008,  was  obtained  by  Bungener  by  exhaust- 
ing the  so-called  "  lupulin "  of  hops,  previously  freed  from  such 
impurities  as  hop-seeds,  leaves,  &c.,  with  petroleum-ether.  The 
solvent  was  distilled  off  in  a  vacuum,  and  the  lupulic  acid  recrys- 
tallised  without  exposure  to  air.1  Lupulic  acid  forms  colourless 
prisms,  which  melt  at  92°-93°  and  are  insoluble  in  water.  It 
dissolves  readily  in  alcohol,  ether,  chloroform,  benzene,  and  carbon 
disulphide ;  but  is  only  sparingly  soluble  in  cold  petroleum- 
ether. 

If  an  ethereal  solution  of  lupulic  acid  be  shaken  with  an  aqueous 
solution  of  cupric  acetate,  the  ethereal  layer  acquires  a  green  colour 
from  the  formation  of  cupric  lupulate,  CuC50H6808,  which  is  gradu- 
ally deposited  as  a  green  crystalline  powder,  readily  soluble  in 
alcohol,  more  sparingly  in  ether,  and  insoluble  in  water.  Bungener 
did  not  succeed  in  crystallising  the  lupulates  of  potassium,  sodium, 
barium,  or  calcium.  The  first  two  salts  are  very  soluble  in  water, 
and  the  last  two  insoluble  in  water  but  soluble  in  alcohol. 

Lupulic  acid  reduces  ammoriio-silver  nitrate.  Valeric  acid  is 
the  most  characteristic  product  of  its  oxidation. 

If  lupulic  acid  be  pulverised  and  exposed  to  the  air,  it  rapidly 
becomes  yellow,  and  the  surface  assumes  a  resinous  consistency, 
while  a  pronounced  odour  of  valeric  acid  and  aldehydes  is  de- 
veloped. This  change  occurs  still  more  rapidly  if  a  thin  layer  of 
an  alcoholic  solution  of  the  acid  be  allowed  to  evaporate  in  the 
air.  Far  less  crystallisable  lupulic  acid  is  obtainable  from  old 
hops  than  from  new,  a  fact  which  is  probably  due  to  a  similar 
oxidation.  Although  lupulic  acid  is  at  first  insoluble  in  water,  it 

1  The  commercial  production  of  lupulic  acid  is  apparently  the  object  of  a 
patent  by  W.  Linden,  1883,  No.  3928. 
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yields  a  bitter  solution  on  prolonged  boiling,  probably  through 
change  into  the  resinous  product,  which  is  soluble  to  the  extent 
of  0'3  per  cent.,  forming  a  very  bitter,  yellow  solution,  from  which 
it  is  precipitated  on  adding  sulphuric  acid.  Bungener  considers 
that  it  is  to  this  resinous  substance,  apparently  identical  with 
Hayduck's  /3-resin,  that  the  bitter  taste  of  beer  is  due  ;  but  in 
aqueous  infusions  of  hops  a  considerable  amount  of  unaltered 
lupulic  acid  is  also  present,  dissolved  in  minute  floating  globules 
of  oil. 

According  to  Bungener,  the  resinous  oxidation- product  of  lupulic 
acid  has  an  antiseptic  action  on  the  lactic  acid  ferment,  but  the 
acetic  acid  ferment  and  the  various  species  of  yeast  are  unaffected 
by  it. 

Dreser  (abst.  Pharm.  Jour.,  [3],  xvii.  971)  found  that  un- 
altered lupulic  acid  in  alcoholic  solution  acted  as  a  powerful  poison 
on  frogs  and  guinea-pigs,  the  fatal  dose  in  each  case  being  about 
0'025  gramme.  In  frogs,  it  produced  paralysis  of  the  central 
nervous  system  and  of  the  heart ;  but  in  warm-blooded  animals 
the  action  was  in  the  direction  of  an  intense  acceleration  of  the 
respiration.1  The  resinous  oxidation-product  was  practically  desti- 
tute of  toxic  properties. 

HOP-RESINS. — Hayduck  (Bied.  Centr.,  1887,  p.  694;  Jour. 
Chem.  Soc.,  1888,  p.  187)  has  described  three  varieties  of  hop-resin, 
having  the  following  characters  : — a-resin  is  soft,  soluble  in 
petroleum  -  ether,  and  precipitable  by  alcoholic  lead  acetate; 
/3-resin  is  also  soft  and  soluble  in  petroleum-ether,  but  is  not 
precipitated  by  lead ;  while  y-resin  is  hard  and  solid,  insoluble 
in  petroleum-ether,  and  not  precipitated  by  lead  acetate.  This 
last  body  appears  to  be  a  product  of  the  oxidation  of  hop -oil, 
while  the  /3-resin  is  formed  by  the  oxidation  of  Bungener's  lupulic 
acid  (page  173).  Hayduck's  soft  resin  a  may  be  obtained  by 
exhausting  hops  with  ether,  evaporating  the  ethereal  solution,  and 
treating  the  residue  with  alcohol,  which  leaves  a  white  wax  un- 
dissolved.  On  adding  alcoholic  lead  acetate  to  this  liquid,  a 
yellow  precipitate  is  formed  of  the  lead  compound  of  resin  a. 
In  the  filtrate  from  this  precipitate  resins  /3  and  y  are  found. 
/3  is  soft  and  soluble  in  petroleum-ether,  while  y  is  insoluble 
in  that  menstruum,  but  is  dissolved  by  alcohol  and  ether.  All 

1  F.  Davis  extracted  the  green  strobiles  of  hops  by  ether,  and  obtained 
a  mass  of  minute,  white,  acicular  crystals,  soluble  in  water  (!),  ether,  and 
carbon  disulphide.  An  aqueous  solution  of  3  grains  of  the  crystals,  injected 
hypodermically  into  the  jugular  vein  of  a  cat,  caused  death  in  seven  minutes. 
The  animal  appeared  to  be  in  no  pain,  but  there  was  a  peculiar  twitching 
of  the  muscles  (Pharm.  Jour. ,  [3],  xvii.  20). 
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three  resins  seem  to  be  feeble  acids.  They  have  no  definite 
solubility  in  water,  but  the  solutions  of  a  and  ft  are  intensely 
and  disagreeably  bitter,  while  that  of  the  hard  resin  y  is  slightly 
and  agreeably  bitter.  According  to  Hayduck,  the  soft  resins 
a  and  /3  are  readily  converted  into  the  hard  resin  y  by  exposure 
to  air.  a  and  /3  possess  antiseptic  properties  of  a  high  order,  while 
the  hard  resin  7  checks  to  some  extent  the  rapidity  of  fermenta- 
tion. This  hard  resin  is  present  in  hops  in  much  larger  propor- 
tion than  either  of  the  other  two.  On  repeatedly  extracting  the 
mixed  resins  with  water,  the  antiseptic  power  of  the  aqueous 
extract  gradually  diminishes,  showing  that  the  more  soluble 
portions  are  the  most  powerfully  antiseptic.  It  is  to  the  two 
soft  resins  that  the  preservative  power  of  hops  appears  to  be 
due.  These  resins  are  distinctly  inimical  to  the  growth  of  the 
butyric  bacteria,  but  do  not  appear  to  have  much  action  on  acetic 
bacteria  or  on  sarcinse. 

The  bitterness  of  hops  is  remarkable  for  its  fugitive  character, 
so  that  the  palate  is  left  clean,  whereas  quassia  and  other  hop- 
substitutes  leave  a  persistent  bitter  after-taste.  The  bitter  taste 
of  hops  is  probably  due  far  more  largely  to  the  amorphous  hop- 
resins  than  to  the  crystallisable  lupulic  acid. 

HOPS. 

Commercial  hops  are  the  flowers  of  Humulus  lupulus,  a  peren- 
nial climbing  plant  belonging  to  the  nettle  family.  The  flowers, 
which  are  the  only  part  of  the  plant  of  any  value,  form  peduncles 
consisting  of  a  series  of  scales  or  bracts  lying  above  each  other  so 
as  to  form  a  cone.  The  inner  side  of  the  scales  and  of  the  hard 
nutty  fruit  itself  are  covered  thickly  with  a  fine  yellow  dust, 
called  "  lupulin,"  which,  under  the  microscope,  is  seen  to  consist 
of  granules  composed  of.  glands,  formed  by  the  union  of  several 
simple  cells.  The  glands  contain  hop-resin,  hop-oil,  bitter  prin- 
ciples, &c. 

In  judging  of  the  quality  of  hops  it  is  usual  to  take  into 
account  the  proportion  of  lupulin  contained  in  the  cones,  the 
stickiness  and  the  fineness  of  the  aroma  observed  when  the  hops 
are  rubbed  between  the  palms  of  the  hand,  the  appearance  of 
the  cones  themselves,  and  the  proportions  of  stalks,  seeds,  and 
impurities  which  accompany  them.  Unripe  hops  yield  very  little 
aroma,  and  impart  a  harsh  flavour  to  beer ;  but  they  do  not 
affect. the  fermentability  of  the  wort. 

F.  Reinitzer  (Bied.  Centr.,  xviii.  859  ;  abst.  Jour.  Chem. 
Soc.,  Iviii.  431)  gives  the  following  method  for  the  determina- 
tion of  lupulin  in  hops : — An  un weighed  portion  of  the  hops 
is  first  sifted  by  Haberlandt's  process,  and  any  grains  passing 
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through  the  sieve  are  removed.  This  lupulin  is  then  weighed, 
shaken  with  chloroform,  and  washed  on  to  a  dry  filter  with 
chloroform.  It  is  then  extracted  with  chloroform  for  an  hour. 
The  substance  on  the  filter  is  allowed  to  dry  in  the  air,  and  is 
then  weighed.  Its  weight  is  that  of  the  lupulin  husks,  which, 
subtracted  from  the  original  weight,  gives  the  amount  of  true 
lupulin.  A  second  weighed  portion  of  the  hops  is  then  extracted 
with  chloroform  in  a  Soxhlet's  apparatus.  The  residue  is  shaken 
on  a  sieve,  the  fragments  of  leaf  being  carefully  removed.  The 
lupulin  is  then  brushed  through,  and  the  sifted  portion  again 
sifted  to  free  it  from  grains.  The  pure  lupulin  husks  now  remain- 
ing are  weighed,  and  from  their  weight,  together  with  the  figures 
previously  obtained,  the  original  weight  of  lupulin  is  calculated. 
Reinitzer  shows  by  analysis  that  this  method  gives  more  con- 
cordant results  than  are  otherwise  obtainable.1 

Lupulin  is  described  in  the  British  Pharmacopoeia  of  1885  as 
a  granular,  bright  brownish-yellow  powder,  which,  under  the 
microscope,  is  seen  to  consist  of  minute,  somewhat  globular-top- 
shaped  (sic),  reticulated,  translucent,  shining  glands.  It  burns 
readily,  and  has  the  agreeable  odour  and  taste  of  hops.  It  should 
not  leave  more  than  about  15  per  cent,  of  ash  on  incineration, 
and  not  more  than  about  30  or  40  per  cent,  should  be  insoluble 
in  ether. 

The  United  States  Pharmacopoeia  of  1890  describes  lupulin  as 
leaving  not  more  than  1 0  per  cent,  of  ash  on  ignition ;  and  as 
giving  a  considerable  deposit  (sand,  &c.)  when  the  sample  is 
agitated  with  water  and  the  mixture  allowed  to  stand. 

Four  samples  of  commercial  lupulin  purchased  by  J.  S.  Ward 
in  1886,  from  houses  of  good  repute,  showed  from  27  to  31 
per  cent,  of  ash,  consisting  chiefly  of  red  sand,  while  the  pro- 
portion of  matter  soluble  in  ether  ranged  from  39'4  to  54'2 
per  cent.  (Pliarm.  Jour.,  [3],  xvi.  656). 

1  Haberlandt  gives  the  constituents  of  hop-cones  as  ascertained  by 
mechanical  separation  as  follows  : — 

Lupulin  (hop-flour),       .         .         .         7 '92  to  1570  per  cent. 

Leaves, 6979  ,,  78*36        ,, 

Stems, 8-50   „   17'54 

Ripe  seeds, 0'02  ,,     7'80        ,, 

A  sample  of  hops  from  Wisconsin  contained  20  per  cent,  of  lupulin. 

Lansing  considers  that  no  dependence  can  be  placed  on  the  mechanical 
methods  of  ascertaining  the  proportion  of  lupulin  in  hops. 

In  practice,  an  indication  of  the  proportion  of  lupulin  is  obtained  by 
rubbing  the  hops  between  the  palms,  the  stickiness  being  greater  the  larger 
the  amount  of  lupulin. 
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Ives  found  about  10  per  cent,  of  lupulin  in  hops  dried  at 
30°  C.  According  to  Pay  en  and  Chevalier,  the  proportion 
of  crude  lupulin  is  13  per  cent.,  about  one-third  of  this  (4  per 
cent.)  consisting  of  minute  particles  of  the  cones  themselves, 
resulting  from  the  sifting. 

E.  Stockbridge  (abst.  Jour.  Cliein.  Sov.,  Iviii.  657)  points  out 
that  hops  grown  in  Japan  from  European  seeds  are  unsuitable  for 
brewing,  owing  to  the  small  amount  of  lupulin  they  contain.  In 
different  years  the  lupulin  only  amounted  to  6  and  9  per  cent., 
whilst  European  hops  contain  about  12  per  cent.  The  proportion 
of  lupulin  depends  largely  on  the  prevalence  of  sunshine  during 
the  ripening  season.  When  potassium  sulphate  was  applied  as  a 
manure  to  neutralise  the  injurious  effects  of  the  rain,  the  propor- 
tion of  lupulin  was  increased  from  6  to  7  per  cent. 

Stockbridge  also  calls  attention  to  the  fact  that,  in  good  hops, 
there  is  only  a  slight  variation  in  the  ratio  of  matter  soluble  in  alcohol 
to  the  substance  afterwards  dissolved  out  by  water.  The  mean  of 
a  large  number  of  analyses  showed  this  ratio  to  be  as  1:0*536. 
The  results  varied  between  1:0'615  and  1:0'453.  In  accordance 
with  this  result,  Stockbridge  calculates  the  amount  of  lupulin  in 
a  sample  of  hops  by  determining  the  ratio  borne  by  the  matter 
soluble  in  alcohol  to  the  matter  afterwards  dissolved  by  water, 
and  multiplying  this  result  by  the  factor  2T15  (  =  115^).  This 
factor  is  based  on  the  value  11 '3 4  as  the  average  amount  of 
lupulin  in  good  European  hops. 

Hops  are  valued  by  the  brewer  for  their  aroma,  for  their  agree- 
able bitter  taste,  and  for  their  power  of  precipitating  albuminous 
matters.  The  aroma  of  hops  is  chiefly  due  to  the  volatile  oil.1 
The  bitter  taste  is  due  in  part  to  one  or  more  crystallisable 
acids  (page  172),  but  chiefly  to  the  resinous  products  of  the 
oxidation  of  these  bodies  and  of  the  volatile  oil.  The  pro- 
perty of  precipitating  albumin  is  due  to  a  variety  of  tannin 
(page  180). 

The  nature  of  the  body  which  confers  on  hops  their  soporific 
effect  is  uncertain.  Griessmayer  isolated  from  hops  a  minute 
quantity  of  an  alkaloidal  body  ("  lupulin e  ")  having  narcotic 
properties.  It  did  not  appear  to  be  constantly  present,  as  it  could 
not  be  isolated  from  some  of  the  finer  kinds  of  hops.  A  minute 
quantity  of  choline  (0'02  per  cent.)  was  isolated  from  hops  by 

1  The  peculiar  cheesy  odour  of  old  hops  is  due  to  valeric  acid,  which  is 
generally  stated  to  be  a  product  of  the  oxidation  of  the  hop-oil ;  however, 
according  to  Bungener,  hop-oil  may  be  exposed  to  the  air  for  days  without 
perceptible  change,  the  valeric  acid  being  a  product  of  the  oxidation  of  the 
bitter  principles. 
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Griess  and  Harrow,  being  probably  a  decomposition-product  of 
lecithin.  It  is  stated  by  Langer,  that  if  beer  be  concentrated 
in  a  vacuum,  the  resultant  extract  possesses  narcotic  properties 
similar  to  those  of  opium.  An  alkaloidal  substance,  said  to  be 
extracted  from  American  hops,  which  made  its  appearance  in 
commerce  some  years  since  under  the  name  of  "hopeine,"  was 
proved  to  consist  of  an  artificial  mixture  of  morphine  with 
another  alkaloid,  apparently  atropine  (Pharm.  Jour.,  [3],  xvi. 
185,  669,  687,  877,  885,  916). 

Among  other  constituents  of  hops  are  a  soluble  gum ;  a  soluble 
red  colouring  matter,  which  influences  the  colour  of  the  beer ; 
proteid  matters ;  and  bodies  of  coarse,  disagreeable  flavour,  ex- 
tracted by  prolonged  boiling  with  water. 

The  following  analyses  of  Bohemian  hops  are  by  Konig : — 

From          From 
Saaz.         Auscha. 

Water, 9'90  10'61 

Ethereal  oil,  .  . 0'13  0'17 

Matter  soluble  in  alcohol, 20 '12  20 '97 

,,  ,,  containing  resin,  ,  .  14'57  15'14 

Matter  insol.  in  alcohol  dissolved  by  water  ;  mineral,  5 '42  5 '10 

,,  ,,  ,,  ,,  organic,  11*24  10'51 

Tannic  acid  in  aqueous  extract,  .  .  .  .  2 '52  3*18 

Ash,  free  from  carbon  dioxide,  .  .  .  .  .10*01  7'87 

C02inash, .  .  871  9'51 

Analyses  of  West  Prussian  hops  have  been  published  by 
L.  Siewert  (Bied.  Centr.,  1879,  page  54;  abst.  Jour.  Chem. 
Soc.,  1879,  page  957). 

An  analysis  of  spent  hops  by  Kleeman  (Bied.  Centr.,  1879, 
page  1050),  to  ascertain  their  value  as  fodder,  showed  : — Ash,  4 '9; 
ether- extract,  6*16  ;  proteids,  &c.,  16'27;  non-nitrogenous  matter, 
45*07  ;  and  fibre,  27'60  per  cent. 

The  ash  of  moisture-free  hop-cones  was  found  by  Way  and 
Ogston  in  1849  to  range  from  5'95  to  8'05  per  cent,  of  which 
from  14J  to  21 J  per  cent,  consisted  of  phosphoric  acid  (P205), 
and  from  12  to  25  per  cent,  of  potash  (K20).  J.  Brand  has 
detected  traces  of  boric  acid  in  all  parts  (leaves,  twigs,  and  flowers) 
of  the  hop  plant.  The  stalks  of  wild  hops  also  contain  boric 
acid,  but  no  trace  could  be  detected  in  barley  or  malt. 

The  following  data,  obtained  by  L.  Aubry  at  the  experimental 
brewing  station  of  Munich  (abst.  Jour.  Soc.  Chem.  Ind.,  1894, 
pages  411,  1077),  show  the  general  character  of  commercial 
hops : — 


COMPOSITION   OF   HOPS. 


179 


il 


OOOOOOO 


SrH 
<N 


->  „ 

1  1  1  1  I  !  1  1 


180  HOP-TANNIN. 

The  above  samples  were  also  examined  after  extraction  of  the 
resins  with  petroleum-ether,  with  results  showing  that  only  minute 
traces  of  tannin  and  nitrogenous  bodies  are  dissolved  by  such 
treatment.  Aubry  considers  the  proportions  of  alcoholic  and 
aqueous  extracts  of  no  value  as  a  criterion  of  the  value  of  the 
hops  for  brewing.  The  aqueous  extract  contains  but  little 
nitrogenous  matter. 

W.  E.  Porter  (Analyst,  1878,  p.  176)  found  the  proportions  of 
oil,  resin,  and  bitter  principle  extracted  from  hops  by  ether  to  range 
in  twelve  samples  from  8*80  to  14'98  per  cent.  On  the  proximate 
analysis  of  hops,  see  also  G.  0.  Cech  (abst.  Analyst,  vi.  164). 

Hop-tannin. — According  to  E 1 1  i,  the  tannin  of  hops  has  the 
composition  C25H24013,  which  substance  co-occurs  with  a  phlobaphen 
or  anhydride  of  the  probable  formula  C50H46025.  -These  bodies 
have  been  studied  by  Hayduck  and  Goldiner  (abst.  Jour.  Soc. 
Chem.  Ind.,  189-1,  page  966).  For  their  extraction  they  exhaust 
the  hops  successively  with  ether  and  with  absolute  alcohol,  and 
then  extract  the  tannin  by  repeatedly  digesting  the  residue  with 
alcohol  of  70  per  cent.  The  spirituous  solution  is  then  fraction- 
ally precipitated  with  a  solution  of  lead  acetate  in  70  per  cent, 
alcohol.  The  phlobaphen  passes  mainly  into  the  brown  preci- 
pitates first  produced,  while  the  tannin  is  concentrated  in  the  yellow 
precipitates  subsequently  obtained.  The  precipitates  are  suspended 
in  water,  and  decomposed  by  sulphuretted  hydrogen,  and  the  lead 
sulphide,  which  carries  down  with  it  most  of  the  tannin  or  phlo- 
baphen, is  extracted  with  70  per  cent,  alcohol.  The  separation  of 
the  tannin  from  the  phlobaphen  is  completed  by  treating  the  pro- 
ducts with  ethyl  acetate,  in  which  hop-tannin  is  soluble  but  the 
phlobaphen  is  insoluble. 

Hop-tannin  thus  obtained  is  a  light  brown  powder,  soluble  in 
water  and  dilute  spirit,  very  sparingly  soluble  in  absolute  alcohol, 
and  insoluble  in  ether.  A  0*2  per  cent,  solution  in  water  is 
slightly  yellow,  and  exhibits  a  green  fluorescence.  Ferric  chloride 
produces  an  intense  green  coloration,  but  no  precipitate.  Hop- 
tannin  slightly  reddens  blue  litmus,  precipitates  dissolved  albumin 
incompletely,1  and  (contrary  to  the  statement  of  Etti)  is  precipi- 
tated by  animal  skin.  On  evaporating  a  solution  of  hop-tannin  on 
the  water-bath,  it  is  partly  converted  into  an  insoluble  phlobaphen. 
If  sodium  carbonate  be  added  to  the  liquid  before  evaporating,  the 
conversion  into  phlobaphen  is  nearly  complete.  The  same  con- 

1  The  compound  formed  is  soluble  in  boiling  water,  but  almost  insoluble  in 
cold  water.  Hence  beer-wort  after  treatment  with  hops  becomes  turbid  on 
cooling.  Further  precipitation  occurs  during  fermentation,  probably  owing 
to  formation  of  phlobaphen,  but  the  finished  beer  retains  traces  of  albumin. 
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version  takes  place  rapidly  if  the  dry  tannin  be  heated  to  1 40°. 
Hop-phlobaphen  forms  a  reddish-brown  powder,  only  partly  soluble 
in  boiling  water  or  dilute  alcohol,  probably  owing  to  further 
dehydration,  and  when  heated  to  130°  becomes  wholly  insoluble. 
The  yellow  solution  gives  a  dirty  green  precipitate  with  ferric 
chloride,  and  is  precipitated  by  albumin  and  by  animal  skin.  Hop- 
phlobaphen  is  soluble  in  solutions  of  alkaline  carbonates  with  brown 
colour.  Hop-phlobaphen  precipitates  albumin  completely. 

For  the  determination  of  tannin  in  hops,  Hay  duck  and 
Goldiner  recommend  Schroder's  modification  of  Lowenthal's 
process,  in  which  the  aqueous  extract  is  titrated  with  standard  per- 
manganate before  and  after  precipitating  the  tannin  by  skin. 
The  resins  present  in  hops  do  not  affect  the  results,  and  hence 
the  previous  extraction  of  the  hops  with  ether  is  both  unnecessary 
and  undesirable. 

The  varieties  of  hops  generally  considered  the  best  are  those 
richest  in  tannin.  Hayduck  and  Goldiner  obtained  the  following 
proportions  of  tannin  calculated  on  the  dry  hops : — Saaz,  2 '91  per 
cent.;  Spalt,  245  and  2'25  ;  Neutomischel,  1'69;  Wolnzach, 
1*60  and  T36  ;  and  Mainburg,  1*44  per  cent,  of  tannin. 

Determinations  of  the  tannin  in  beer,  by  the  same  method,  gave 
the  following  results  : — English  ale,  0*024  per  cent. ;  Pilsen  beer, 
O'OIS;  Munich  beer,  0'012;  and  Berlin  beer,  O'Oll  and 
0'012  per  cent.  The  influence  of  the  tannin  is  shown  in  the 
much  smaller  quantity  (mere  traces)  of  soluble  albumin  present 
in  strongly  hopped  English  ale  than  in  the  much  less  hopped 
German  beers ;  but  as  the  compound  of  hop-tannin  with  albumin 
is  not  wholly  insoluble  in  water,  even  when  cold,  a  trace  of 
albumin  remains  in  the  finished  beer. 

The  essential  oil  is  the  constituent  which  gives  to  hops  their 
characteristic  aroma.  It  may  be  obtained  to  the  amount  of 
about  0'2  per  cent,  by  distilling  hops  in  a  current  of  steam.  In 
brewing,  the  greater  part  of  the  hop-oil  is  apt  to  be  volatilised 
and  lost  during  the  operation  of  boiling.  Hence  it  has  been 
proposed  to  extract  the  oil  from  the  hops  before  adding  them 
to  the  wort,  restoring  the  oil  at  a  later  stage  of  the  manufacture. 
According  to  Personne,  hop-oil  is  a  mixture  of  a  terpene, 
C10H16,  with  astearoptene,  C10H160.  A.  C.  Chapman  (Jour. 
Chem.  Soc.j  xlvii.  54)  obtained  140  c.c.  of  essential  oil  by  distilling 
80  kilogrammes  of  hops  with  water.  After  an  interval  of  eleven 
months  this  oil  yielded,  on  fractional  distillation,  about  40  c.c.  of 
an  oil  consisting  mainly  of  a  sesquiterpene,  C15H24,  boiling 
between  256°  and  261°.  Another  sample  of  hop-oil,  similarly 
obtained  by  distilling  hops  with  water,  but  examined  without 
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delay,  boiled  at  a  slightly  lower  temperature,  and  consisted  of 
lower  terpenes,  sesquiterpenes,  and  an  oxygenated  constituent. 

Hop-oil  volatilises  slowly  at  ordinary  temperatures.  It  dissolves 
in  about  700  parts  of  water,  and  is  readily  soluble  in  alcohol  and 
ether. 

In  order  to  preserve  hops  they  are  kiln-dried.  Sulphur  is 
sometimes  sprinkled  on  the  kiln-fires  with  the  view  of  preserving 
and  bleaching  the  hops,  which  are  much  improved  in  appearance 
by  the  treatment.  The  practice  is  considered  by  some  authorities 
to  deteriorate  the  product,  but  is  useful  when  the  hops  are  attacked 
by  mildew  or  parasitic  growths.1  The  practice  of  sprinkling  the 
growing  hops  with  flowers  of  sulphur,  to  prevent  mildew,  blight, 
&c.,  is  objectionable,  if  particles  of  sulphur  remain  on  the  hops 
after  picking.  Spraying  the  hops  with  sulphur  and  soft  soap  is 
still  more  liable  to  affect  injuriously  the  quality  of  the  product. 
The  addition  of  powdered  sulphur  to  a  fermenting  wort  does  not 
affect  the  activity  of  the  yeast,  but  traces  of  sulphuretted  hydrogen 
are  invariably  produced. 

For  the  detection  of  sulphur  in  hops  it  is  usual  to  exhaust  10 
grammes  of  the  sample  with  water,  and  treat  the  wash-water  with 
granulated  zinc  and  diluted  hydrochloric  acid,  free  from  any  trace 
of  sulphurous  acid  or  of  free  chlorine.2  The  gas  evolved  is  passed 
into  a  dilute  solution  of  pure  caustic  soda,  which  is  subsequently 
tested  with  sodium  nitroprusside  or  other  reagent  for  sulphuretted 
hydrogen.  A  preferable  plan  is  to  distil  the  hops  with  steam.  On 
separating  the  volatile  oil  from  the  condensed  water,  and  treating  it 
with  an  acid,  preferably  phosphoric  acid,  sulphuretted  hydrogen  is 
evolved,  and  can  be  recognised  by  its  odour  and  reactions  with 
lead  acetate  and  sodium  nitroprusside.  The  oil  from  unsulphured 
hops  is  stated  to  give  no  such  reaction  (G-.  Huhnemann, 
Chem.  Centr.,  1875,  p.  573).  It  is  asserted  that  exhausted  hops 
have  been  systematically  treated  with  a  tincture  of  wormwood, 
re-dried,  and  sold  as  a  genuine  article  (Analyst,  iv.  240). 

Hop-Substitutes. 

In  seasons  when  hops  are  cheap  there  is  little  inducement  for 
the  brewer  to  substitute  any  other  bitter  substance  for  them  ;  but 
in  times  of  scarcity  hop-substitutes  meet  with  a  ready  sale  among 
a  certain  class  of  brewers.  Quassia  wood  is  by  far  the  most 

1  The  advantages  of  sulphuring  appear  to  be  wholly  on  the  side  of  the 
dealer  (see  Wochenschr.  f.  Brauerei,  1895,  p.  912). 

2  According  to  Windisch  the  treatment  with  the  reducing  agent  must 
not  be  prolonged  beyond  half  an  hour,  or  the  formation  of  sulphuretted 
hydrogen  from  the  proteid  matters  may  lead  to  false  conclusions. 
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common  and  important  constituent ;  but  cliiretta  and  other  vegetable, 
bitters  are  also  employed,  and  some  years  since  picric  acid  formed 
an  ingredient  of  a  well-known  hop-substitute.  It  may  be  detected 
as  described  in  Part  i.  page  146.  Strychnine,  many  years  since, 
was  alleged  to  have  been  employed  in  bitter  beer,  but  the  state- 
ment has  never  been  confirmed, -and  is  inherently  improbable. 
Cocculus  indicus  berries,  which  contain  the  poisonous  bitter  prin- 
ciple pi cro toxin  (page  167),  were  formerly  used  in  beer,  but 
there  is  no  authentic  record  of  such  an  application  of  late  years. 
(See  footnote  on  page  170.) 

The  composition  of  commercial  hop-substitutes  is  kept  jealously 
secret,  and  almost  the  only  information  published  in  recent  years 
on  such  preparations  is  contained  in  a  note  by  W.  Chattaway 
and  the  author  (Analyst,  1887,  xii.  112).1 

1  In  sample  "  A, "  by  examination  with  a  lens,  quassia,  cliiretta,  and  hops 
were  detected  without  difficulty  ;  and  there  was  also  present  a  seed  appa- 
rently belonging  to  a  cruciferous  plant,  the  exact  nature  of  which  was  not 
ascertained. 

Sample  "B"  consisted  largely  of  rosin  mixed  with  catechu  or  cutCh,  or 
some  closely  analogous  tannin  extract.  Considerable  quantities  of  fish- 
gelatin  and  chiretta  were  also  present,  and  sodium  sulphite  was  detected  in 
addition.  Whatever  may  be  the  value  of  fish-gelatin,  sodium  sulphite,  and 
tannin  in  the  manufacture  of  beer,  they  cannot  be  legitimately  termed 
"hop-substitutes."  The  object  of  adding  rosin  is  not  very  apparent;  pos- 
sibly it  may  have  been  an  attempt  to  replace  hop-resin.  The  proportions  of 
the  several  constituents  of  this  sample  may  be  inferred  from  the  following 
statement  of  the  results  of  its  treatment  by  solvents,  &c.  :  — 

Moisture  ;  driven  off  at  100°  C.,       ....       8 '5  per  cent. 
Ether  extract  ;  consisting  of  nearly  pure  colophony,  .  36 '3       ,, 
Alcoholic   extract ;  chiefly  tannin   and  other    con- 
stituents of  cutch,      .         .         .         .         .         .  16*6       ,, 

Aqueous  extract .         .  27*3       ., 

Insoluble  matter  (by  difference),       ....  11*3       ,, 

lOO'O 


Ash,     .         .         .         10 '0  per  cent. 

Other  samples  of  advertised  hop-substitutes  were  examined  less  completely. 
Quassia  was  distinctly  recognised  in  the  decoctions  of  two,  and  other  bitter 
substances  were  also  present.  No  picric  acid  or  calumba  was  present  in  any 
case.  Pyrethrum  ("Persian  insect  powder")  was  almost  certainly  a  con- 
stituent of  one  preparation. 

A  curious  difference  was  observable  in  the  prices  charged  by  the  manufac- 
turers of  the  advertised  hop-substitutes.  Thus  the  equivalent  of  16  Ibs.  of 
hops  was  3s.,  4s.,  4s.,  4s.  2d.,  and  9d.  respectively.  Hence  the  quality  and 
suitability  of  the  advertised  hop-substitutes  for  their  intended  purpose  does 
not  appear  to  be  gauged  by  the  relative  amounts  charged  for  them. 
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DETECTION  OF  HOP-SUBSTITUTES  IN  BEER.1 

The  detection  of  hop-substitutes  in  beer  is  beset  with  many 
difficulties.  Beer  itself  is  a  highly  complex  and  variable  product, 
and  some  of  the  normal  constituents  add  to  the  difficulty  of 
detecting  hop-substitutes.  The  problem  is  further  complicated 
by  the  possible  presence  of  several  substitutes  simultaneously, 
together  with  actual  hops.  The  bitter  principles,  to  which  the 
hop-substitutes  owe  their  employment,  have  in  some  cases  been 
very  imperfectly  studied,  and  belong  to  a  class  of  bodies  not 
remarkable  for  strong  chemical  affinities  or  for  characteristic 
reactions.2  The  most  general  and  striking  property  of  the 
majority  of  hop-substitutes  is  the  intensity  of  their  bitter  taste, 
a  character  which  materially  increases  the  difficulty  of  detecting 
them,  owing  to  the  very  moderate  amount  employed  to  give  the 
beer  the  desired  flavour.3 

M.  A.  Adams  (Analyst,  xv.  123)  distinguishes  two  classes  of 
bitters,  "  fixed "  and  "  fugitive,"  quassiin  being  a  type  of  the 
former  and  hop-bitter  of  the  latter.  A  fixed  bitter  affects  the 
organ  of  taste  in  a  way  that  is  enduring,  and  not  only  does  the 
effect  of  the  bitter  last  for  a  long  time,  but  it  appears  to  overwhelm 
the  taste-organs,  so  that  they  do  not  recover  their  entire  freedom 

1  This  problem  has  at  present  but  little  practical  interest,  since  in  the 
United  Kingdom  there  is  no  legal  definition  of  beer,  nor  any  standard  of 
strength  or  quality,  and  hence  the  brewer  has  been  free  to  employ  any  hop- 
substitute  which  could  fairly  be  considered  non-injurious.     Bills,  however, 
have  been  brought  into  Parliament,  and  on  one  occasion  referred  to  a  Select 
Committee,  forbidding  the  unacknowledged  use  of   hop-substitutes ;    and 
should  such  a  provision  ever  become  law,  it  will  become  of  immediate  im- 
portance to  detect  the  more  important  hop-substitutes  in  beer,  or  at  any  rate 
to  distinguish  them  from  hops.     The  information  existing  on  the  subject  in 
June,  1887,  was  collected  by  the  author,  and  fully  reviewed  by  him  at  the  time 
(Analyst,  xii.  107).     A  list  of  articles  on  the  subject  contained  in  English 
periodicals  prior  to  that  date  was  published  in  The  Analyst,  xii.  98.     The 
results  of  later  experiments  by  M.  A.  Adams  and  the  author  (Analyst, 
xv.    121,   180)  practically  complete  the  knowledge  of  the  subject  at  the 
present  time  (February  1896). 

2  The  detection  of  hop-substitutes  in  beer  has  formed  the  subject  of  several 
interesting  discussions  by  the  Society  of  Public  Analysts.     See  The  Analyst, 
1887,  xii.  98,  99,  103,  107,  112  ;  xiii.  6,  43,  52  ;  xv.  121,  135,  181. 

3  Another  complication  of  practical  importance  is  the  very  considerable 
quantity  of  beer  usually  recommended  to  be  used  for  the  analysis.     Thus,  if 
2  litres  be  used  for  the  main  examination,  as  is  recommended  by  Dragendorff, 
at  least  twice  that  quantity  should  be  submitted  to  the  analyst,  and  hence 
12  litres  would  have  to  be  purchased.     The  necessity  of  purchasing  so  large 
a  quantity  as  2J  gallons  of  each  sample  of  beer  would  certainly  render  the 
Sale  of  Food  and  Drugs  Act  abortive. 
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to  repeat  their  office  for  a  considerable  period.  A  fugitive  bitter 
has  a  far  less  penetrating  effect,  and  one  which  lasts  a  compara- 
tively short  time,  leaving  the  palate  clear  and  free  to  appreciate 
other  flavours. 

Adams  finds  that  by  boiling  a  2  J  per  cent,  decoction  of  hops 
with  2 1-  per  cent,  of  sulphuric  acid  under  a  reflux  condenser  for 
two  or  three  hours  every  trace  of  bitter  is  destroyed,  whereas 
quassia  and  its  allies  are  not  at  all  affected  by  this  treatment. 
He  suggests  that  the  fugitive  bitters  are  of  a  fermentable  or 
glucosidal  nature,  and  hence  readily  affected  by  dilute  acids  or 
saliva  (Analyst,  xv.  124). 

One  of  the  most  valuable  methods  for  the  detection  of  hop- 
substitutes  consists  in  treating  the  beer  with  basic  lead  acetate, 
when  the  hop-bitter  is  precipitated;  and  hence,  if  the  concentrated 
nitrate  still  has  a  bitter  taste,  the  presence  of  a  hop-substitute  is 
indicated.  This  distinction  between  the  bitter  of  hops  and  those  of 
the  majority  of  hop-substitutes  has  been  utilised  byDragendorff, 
Enders,  Adams,  Muter,  and  other  chemists,  so  that  there  is  a 
very  general  consensus  of  opinion  as  to  its  value  under  ordinary 
conditions.  The  author's  earlier  results  confirmed  their  ex- 
perience, at  least  when  neutral  lead  acetate  was  substituted  for  the 
basic  salt,  a  change  which  has  the  advantage  that  the  former 
reagent  does  not  precipitate  certain  bitter  principles  which  are 
removed  by  the  latter.  With  the  exception  of  chamomile-bitter, 
all  the  bitter  principles  known  to  be  or  likely  to  be  used  as  hop- 
substitutes  remain  in  solution,  while  the  hop-bitter  is  more  or  less 
perfectly  precipitated,  together  with  the  whole  of  the  phosphates, 
tannin,  &c.  Treatment  of  the  filtrate  with  sulphuretted  hydrogen 
removes  the  excess  of  lead,  together  with  much  colouring  matter. 
The  bitter  principles  may  then  be  separated  from  the  sugar, 
dextrin,  and  mineral  constituents  of  the  beer,  and  obtained  in  a 
state  of  comparative  purity,  by  systematic  treatment  with  im- 
miscible solvents,  as  originally  proposed  by  Dragendorff.  The 
object  being  to  extract  as  many  active  principles  as  possible  in 
the  simplest  possible  way,  the  author  employs  chloroform  as 
having  the  most  general  solvent  action.  It  separates  with 
tolerable  ease  from  the  aqueous  liquid,  and  should  be  employed  as 
long  as  it  leaves  a  notably  bitter  residue  on  evaporation.  The  addi- 
tion of  a  little  dilute  sulphuric  acid  is  advantageous,  if  not  actually 
necessary,  in  some  cases.  The  extraction  with  chloroform  being 
complete,  ether  should  next  be  used,  the  treatment  being  repeated 
as  long  as  any  notably  bitter  principle  is  extracted.  Finally,  the 
aqueous  liquid  is  rendered  alkaline  with  ammonia,  and  agitated 
with  chloroform  or  ether-chloroform,  to  extract  any  alkaloids. 
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The  following  arrangement  shows  the  behaviour  of  the  more 
important  bitter  principles  when  the  aqueous  liquid  is  agitated 
in  succession  with  chloroform,  ether,  and  ammonia  and  ether- 
chloroform.  The  author  has  personally  verified  the  behaviour 
of  the  substances  to  the  names  of  which  asterisks  are 
attached. 

1.  Extracted  by  chloroform  from  acid  solutions  : — 

Absinthiin  (wormwood;  see  page  165). 
*Anthemin  (chamomiles). 

Colchicine  (colchicum ;  see  page  3),  imperfectly. 
*Colocynthin  (colocynth,  or  bitter  apple;  see  page  166), 

imperfectly. 
*Calumbin,  and  probably  some  berberine  (calumba),  bright 

yellow,  and  highly  fluorescent. 
*Gentipicrin  (gentian),  very  imperfectly. 
*Picric  acid  (artificial),  yellow,  imperfectly. 
Picrotoxin    (Cocculus    indicus ;     see    page     167),    with 

difficulty. 
*Quassiin  (quassia  wood;  see  page  187). 

2.  Subsequently  extracted  by  ether  from  acid  solutions  : — 

*Chiratin  (chiretta;   page  189). 

*Colocynthin  (colocynth,  or  bitter  apple;  page  166). 

*Gentipicrin  (gentian). 

*Picric  acid,  yellow. 

*Picrotoxin  (Cocculus  indicus). 

3.  Subsequently  extracted  by  ether-chloroform   from  alkaline 
solutions  : — 

*Berberine  (calumba  root). 
Colchicine  (colchicum). 

By  evaporating  off  the  solvent,  warming  the  residue  with  a  little 
alcohol,  and  then  adding  water,  solutions  are  obtained  which  will 
be  bitter  if  any  of  the  above  substances  be  present.1  A  very  small 
quantity  of  the  substance  is  required  for  this  test ;  indeed,  the  use 
of  too  large  an  amount  must  be  carefully  avoided,  or  the  sense 
of  taste  will  be  found  to  be  wholly  paralysed  for  many  hours 
subsequently. 

It  will  be  seen  that  chloroform  or  ether  extracts  from  acidulated 
aqueous  liquids  almost  the  whole  of  the  above  bitters.  The  sub- 
sequent treatment  with  ether-chloroform  in  alkaline  solution  is 

1  To  observe  the  taste  of  bitter  principles,  some  of  the  solution  should  be 
placed  on  the  back  of  the  tongue  with  the  aid  of  a  small  pipette.  When  there 
is  sufficient  material,  some  of  the  solution  may  be  swallowed  with  advantage. 
The  anterior  part  of  the  tongue  is  far  less  sensitive  to  bitter  principles  than 
the  parts  nearer  the  uvula. 
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usually  unnecessary,  as  the  principles  of  calumba  and  colchicum 
are  in  part  extracted  by  acid  chloroform. 

The  highly  probable  presence  of  a  h op-substitute  being  indi- 
cated by  the  marked  bitter  taste  of  the  chloroform  or  ether- 
extract,  an  attempt  may  be  made  to  ascertain  its  nature ;  but  the 
existing  knowledge  of  the  chemistry  of  the  vegetable  bitters  avail- 
able as  hop-substitutes  is  very  imperfect,  and  identification  with 
absolute  certainty  can  only  be  effected  in  the  cases  of  a  few 
principles,  of  which  quassiiri  is  the  most  notable  and  important. 
The  following  is  an  abstract  of  an  extensive  series  of  experiments 
made  by  the  author  in  1887  (Analyst,  xii.  110),  in  which  advan- 
tage was  taken  of  all  information  then  existing.  The  results  of 
more  recent  researches  are  given  on  page  190. 

Quassiin,  C32H42010,  may  be  obtained  in  a  fairly  pure  state 
by  exhausting  quassia-wood  with  hot  water,  precipitating  the 
solution  with  neutral  lead  acetate,  removing  the  excess  of  lead 
from  the  filtrate  by  sulphuretted  hydrogen,  and  shaking  the 
filtered  liquid  with  chloroform.  On  evaporation,  the  quassiin 
is  obtained  nearly  colourless,  and,  with  some  difficulty,  in  a 
distinctly  crystalline  condition.  Quassiin  has  an  intensely  and 
very  persistent  bitter  taste.  It  is  sparingly  soluble  in  cold 
water,  more  readily  in  hot  water,  and  is  easily  soluble  in  alcohol. 
Its  best  solvent  is  chloroform,  which  extracts  quassiin  readily 
from  acidulated  solutions. 

An  aqueous  solution  of  quassiin  does  not  reduce  Fehling's  solu- 
tion, or  ammonio-nitrate  of  silver.  The  solid  substance  gives  no 
coloration  (or  merely  yellow)  when  treated  with  strong  sulphuric 
acid,  or  with  nitric  acid  of  1*25  sp.  gr. ;  nor  is  any  colour  pro- 
duced on  warming.  These  four  negative  reactions  are  important ; 
for  picrotoxin  reduces  Fehling's  solution,  and  gives  an  orange-red 
colour  with  sulphuric  acid;  gentipicrin  and  menyanthin  reduce 
ammonio-nitrate  of  silver,  and  the  former  gives  a  red  colour  with 
sulphuric  acid,  and  the  latter  a  yellowish-brown,  changing  to  violet- 
red  when  warmed ;  and  other  bitters  mostly  give  more  or  less 
characteristic  reactions. 

A  solution  of  quassiin  gives  a  white  precipitate  with  tannin. 
The  reaction  is  used  by  Christensen,  Oliveri,  and  others  to  isolate 
quassiin  from  its  solutions,  and  by  Enders  to  separate  it  from 
picrotoxin.  In  the  author's  hands  the  reaction  has  not  proved 
satisfactory.  The  liquid  is  very  difficult  to  filter,  and  the  filtrate 
still  retains  an  intensely  bitter  taste,  showing  that  the  precipita- 
tion is  very  incomplete.  As  an  analytical  method  the  reaction  is 
useless,  but  it  is  of  some  value  as  a  qualitative  test.  The  test 
must  be  made  in  a  cold  solution.  Possibly  a  more  complete  pre- 
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cipitation  of  quassiin  by  tannic  acid  might  be  effected  in  an 
alcoholic  solution. 

Quassiin  gives  a  brown  coloration  \vith  ferric  chloride.  The 
reaction  is  best  observed  by  moistening  a  quassiin  residue  in 
porcelain  with  a  few  drops  of  a  weak  alcoholic  solution  of  ferric 
chloride,  and  applying  a  gentle  heat.  A  fine  mahogany-brown 
coloration  is  produced. 

The  most  delicate  and  characteristic  test  for  quassiin  is  based 
on  an  observation  of  Christensen.  On  treating  quassiin  with 
bromine  a  derivative  is  obtained,  which  is  stated  to  be  more  bitter 
than  the  original  substance.  On  adding  caustic  soda,  the  bitter 
taste  is  said  to  be  destroyed,  but  a  product  of  a  fine  yellow  colour 
is  obtained.  The  author  is  unable  to  confirm  the  destruction  of 
the  bitter  taste,  at  least  entirely,  but  the  coloration  is  marked  and 
characteristic.  The  substance  to  be  tested  for  quassiin  is  dissolved 
in  a  little  chloroform,  or,  if  a  liquid,  is  agitated  with  chloroform, 
and  the  aqueous  layer  separated.  The  chloroformic  solution  is 
then  treated  with  bromine-water  until  the  yellow  colour  remains 
after  agitation,  showing  that  the  bromine  has  been  used  in  slight 
excess.  The  aqueous  liquid  is  then  removed  (or,  if  small  in 
volume,  may  be  neglected),  and  the  chloroform  agitated  with 
ammonia.  This  produces  immediate  destruction  of  the  colour  due 
to  the  bromine,  and  if  quassiin  be  absent,  both  the  chloroform  and 
ammoniacal  liquid  will  be  colourless.  In  presence  of  quassiin  the 
ammonia  will  be  coloured  a  bright  yellow. 

The  author  found  that  the  chloroform-residues  from  camomiles, 
calumba,  eolocynth,  cocculus,  and  chiretta  did  not  give  any  similar 
reactions  with  bromine  and  ammonia.  The  e^er-residue  from 
chiretta  gave  a  straw-yellow  coloration  gradually  changing  to  a  dull 
purplish-brown,  but  the  fact  that  no  such  reaction  is  yielded  by 
the  chloroform  extract  of  chiretta  renders  confusion  with  quassia 
impossible.  Picric  acid  yields  a  solution  in  chloroform  which  is 
but  slightly  coloured  compared  with  the  deep  yellow  liquid  pro- 
duced on  subsequent  agitation  with  ammonia ;  but  if  its  presence 
be  suspected  it  can  be  readily  and  completely  removed  by  agitat- 
ing the  ehloroformic  solution  with  soda  or  ammonia,  and  separating 
the  alkaline  liquid  before  employing  bromine. 

The  author  added  to  1  litre  of  a  mild  beer,  which  had  been 
previously  proved  to  yield  no  bitter  principle  to  chloroform  after- 
treatment  with  acetate  of  lead,  sufficient  infusion  of  quassia  to 
make  a  perceptible  difference  in  the  flavour.  The  liquid  was 
concentrated,  precipitated  with  neutral  lead  acetate,  the  filtrate 
treated  with  sulphuretted  hydrogen,  and  the  refiltered  liquid 
further  concentrated  and  agitated  with  chloroform.  On  evaporat- 
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ing  the  chloroform  a  residue  was  obtained  which  had  an  intensely 
bitter  taste,  and  yielded  a  solution  which  gave  a  white  precipitate 
with  tannin,  but  did  not  reduce  ammonio-nitrate  of  silver.  The 
residue  gave  no  colour  on  warming  with  concentrated  sulphuric 
acid,  but  gave  a  well-developed  mahogany-brown  colour  with  ferric 
chloride.  By  the  bromine  and  ammonia  test  it  gave  a  strong 
yellow  coloration. 

The  amount  of  residue  obtained  would  have  sufficed  to  obtain 
all  these  reactions  several  times,  so  that  it  may  be  considered 
established  that  quassia  can  be  detected  with  certainty  and  facility 
in  a  moderate  quantity  of  beer  containing  it. 

The  employment  of  chiretta  as  a  hop-substitute  has  been 
repeatedly  recorded  by  previous  observers,  but  no  tests  are  given 
for  it  by  Dragendorff  or  others  who  have  worked  on  the  subject. 
It  was  found  in  quantity  in  two  hop-substitutes  examined  by  the 
author,  and  its  presence  was  suspected  in  a  third.  The  active 
principle,  chiratin,  C25H48015,  is  intensely  bitter,  sparingly  soluble 
in  cold  water,  rather  more  so  in  hot,  and  is  readily  dissolved  by 
alcohol  and  ether,  the  latter  solvent  readily  removing  it  from  its 
aqueous  solution.  On  the  other  hand,  chloroform  removes  but 
little  bitter  principle  from  an  aqueous  infusion  of  chiretta. 
Chiratin  is  a  neutral  substance,  decomposed  by  dilute  acids  into 
ophelic  acid  and  chiratogenin.  It  does  not  reduce  Fehling's 
solution,  gives  a  copious  precipitate  with  tannin,  and  is  not 
precipitated  by  neutral  lead  acetate.  The  reaction  of  the  ether- 
residue  from  infusion  of  chiretta  with  bromine  and  ammonia  has 
already  been  described. 

Picrotoxin  can  be  isolated  and  recognised  by  the  methods 
described  on  page  169  et  seq. 

Although,  in  the  majority  of  cases,  treatment  with  neutral  lead 
acetate  removes  from  beer  practically  the  whole  of  the  hop-bitter, 
it  is  a  fact  that  in  some  cases  a  bitter  principle  in  marked  amount 
remains  unprecipitated,  and  is  subsequently  extracted  by  chloro- 
form. As  pointed  out  by  M.  A.  Adams,  the  unprecipitable  hop- 
bitter  is  specially  characteristic  of  old  hops  (compare  page  174). 

According  to  J.  Bell,  the  extractive  matters  of  the  beer  inter- 
fere with  the  complete  precipitation  of  the  hop-bitter  by  lead 
acetate,  though  that  reagent  precipitates  the  bitter  principles  per- 
fectly from  a  simple  aqueous  infusion  of  hops.  Bell  finds  the 
solvent  power  of  ether  on  quassia-bitter  to  be  very  limited,  while 
the  hop-bitters  are  readily  extracted.  Hence,  on  concentrating 
beer,  and  shaking  the  acidulated  liquid  three  or  four  times  with 
ether,  the  whole  of  the  hop-bitter  is  extracted,  while  a  large 
portion  of  the  quassia-bitter  is  stated  to  remain  in  the  aqueous 
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liquid,  and  to  be  capable  of  subsequent  extraction  by  chloroform. 
If  the  ethereal  solution  be  evaporated,  and  the  residue  dissolved  in 
water  and  treated  with  lead  acetate,  Bell  finds  the  hop-bitter  to  be 
entirely  precipitated,  while  the  quassia-bitter  remains  in  solution. 
Bell's  statements  are  only  partly  confirmed  by  the  experiments  of 
"W.  Chattaway  and  the  author.  Quassiin  is  far  too  readily 
extracted  by  ether  to  render  that  solvent  available  for  the  separa- 
tion of  quassia  from  hop-bitters.  On  the  other  hand,  it  is  gene- 
rally correct  that  if  a  beer  bittered  with  old  hops  be  precipitated 
with  lead  acetate,  the  filtrate  extracted  by  chloroform  or  ether, 
and  the  aqueous  solution  of  the  more  or  less  bitter  chloroform  or 
ether-residue  again  treated  with  lead  acetate,  the  remaining  hop- 
bitter  is  in  most  cases  entirely  precipitated ;  but  in  the  case  of  one 
obstinate  sample  of  old  hops,  the  bitter  was  not  wholly  removed 
even  by  this  supplementary  treatment. 

To  avoid  the  error  due  to  imperfect  removal  of  the  hop-bitters 
by  lead,  M.  A.  Adams  (Analyst,  xv.  125)  recommends  that  the 
infusion  should  be  first  boiled  and  treated  with  baryta-water  till 
an  alkaline  solution  is  obtained.  The  brown  precipitate  is  filtered 
off,  and  the  filtrate  made  just  acid  with  sulphuric  acid,  heated  and 
filtered,  and  the  filtrate  evaporated  to  about  one-fourth  of  its 
original  bulk,  by  which  time  the  greater  part  of  the  bitter  will  be 
destroyed.  The  boiling  solution  is  next  treated  with  basic  lead 
acetate  until  precipitation  is  complete,  when  the  boiling  is  con- 
tinued for  some  time,  and  the  liquid  filtered.  The  filtrate  is  at 
once  treated  with  dilute  sulphuric  acid  in  decided  excess,  the  pre- 
cipitate of  lead  sulphate  filtered  off,  and  the  clear  acid  liquid 
evaporated  to  a  small  bulk  at  a  gentle  heat.  It  is  then  neutralised 
with  chalk  and  filtered,  when,  if  no  bitter  other  than  hop  was 
present  in  the  decoction,  all  bitterness  will  have  disappeared. 
M.  A.  Adams  finds  that,  in  the  case  of  quassia,  gentian,  chiretta, 
calumba,  and  many  other  vegetable  bitters,  the  bitter  principle  is 
unaffected,  and  hence  can  readily  be  detected  by  the  taste  in  the 
extract  obtained  in  the  above  manner  (Analyst,  xv.  125).1 

In  collaboration  with  W.  Chattaway  (Analyst,  xv.  181),  the 
author  found  the  foregoing  method  of  Adams  to  remove  entirely 
the  bitter  principle  of  an  obstinate  sample  of  old  hops,  which 
resisted  simple  precipitation  by  lead  acetate,  and  even  the  supple- 

1  This  mode  of  operating  is  not  open  to  the  objection  raised  against  those 
of  J.  Bell  and  R.  Bannister,  described  before  the  Select  Committee  on 
the  Hop  Industry  in  1890.  These  chemists  obtained  beer  and  added  quassia 
and  other  hop-substitutes  in  proportions  largely  in  excess  of  those  which 
would  be  used  in  practice,  and  thus  operated  under  conditions  unfairly 
favourable  to  their  detection. 
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mentary  treatment  suggested  by  J.  Bell.  As  the  result  of  an 
extensive  series  of  experiments,  the  author  and  W.  Chattaway 
devised  the  following  method  of  examining  beer  for  bitter  prin- 
ciples. Lead  acetate  is  employed  as  a  sorting  test,  but  in  the 
event  of  a  bitter  being  present  which  is  not  precipitated,  the 
filtrate  is  examined  by  the  sorting  action  of  ether  and  chloro- 
form used  as  solvents,  and  the  residues  left  by  the  evaporation 
of  these  menstrua  are  then  treated  with  ammoniacal  basic  lead 
acetate.  This  reagent  precipitates  the  bitter  principles  of  old 
hops  arid  gentian,  while  leaving  those  of  quassia,  calumba,  and 
chiretta  in  solution.  The  bitter  principles  of  these  substances 
may  be  recognised  to  some  extent  by  special  tests.  A  further 
differentiation  may  also  be  effected  by  ferric  acetate  and  other 
reagents.  Experiments  to  test  the  process  were  first  made  on 
decoctions  of  hops,  quassia,  chiretta,  and  gentian,  and  as  these 
proved  successful,  the  process  was  applied  to  mild  beer,  to  which 
sufficient  of  the  different  bittering  substances  was  added  to  con- 
vert it  into  a  fairly  palatable  bitter  beer. 

OUTLINE  PROCESS  FOR  THE  DETECTION  OF  BITTER  PRINCIPLES  IN  BEER. 


One  litre  of  beer  is  evaporated  to  half  its  bulk  and  precipitated  boiling  with  neutral  lead  acetate,  the 
liquid  boiled  for  fifteen  minutes  and  filtered  hot.    If  any  precipitate  occur  on  cooling,  the  liquid  is 
again  filtered. 

PRECIPITATE 
contains 
/i'y;-l>itter, 
caramel- 
bitter, 
op/tt'lic  acid 
(from    chi- 
retta), phos- 
phates, 
all  luminous 
matters, 
&c.,  &c. 

FILTRATE.    The  excess  of  lead  is  removed  by  passing  E^S,  and  the  filtered  liquid  concen- 
trated to  about  150  c.c.  and  tasted.    If  any  bitter  taste  is  perceived,  the  liquid  is  then 
slightly  acidulated  with  dilute  sulphuric  acid,  and  shaken  repeatedly  with  chloroform. 

CHLOROFORM    LAYER  on    evapora- 
tion leaves  a  bitter  extract  in  the 
case  of  gentian,  calumba,  quassia, 
and    old   hops    (only    slightly    or 
doubtfully  bitter  in  the  case  of 
chiretta).    The  residue  is  dissolved 
in    a    little    alcohol,    hot   water 
added,    and     the     hot     solution 
ammoniacal  basic  lead  acetate  and 

AQUEOUS  LIQUID  is  shaken  with  ether. 

ETHEREAL   LAYER  leaves   a  bitter 
residue  in  the   case   of   chiretta, 
gentian,  or  calumba.     It  is  dis- 
solved   in    a   little    alcohol,    hot 
water  added,  and  the  hot  solution 
treated   with    ammoniacal    basic 
lead  acetate  and  filtered. 

AQUEOUS  LIQUID, 
if  still  bitter,  is 
rendered    alka- 
line and  shaken 
with         ether- 
chloroform.     A 
bitter     extract 
may  be  due  to 
berberine      (ca- 
lumba)           or 
strychnine. 

The    aqueous    li- 
quid, separated 
from  the  ether- 
chloroform,  may 
contain      cara- 
mel -  bitter     or 
choline. 

treated  with 
filtered. 

PRECIPITATE  contains  old  hops, 
<j>'i/tinn,    and  traces  of  cara- 
mel products.    It  is  suspended 
in     water,     decomposed     by 
H2>S,    and    the    solution   agi- 
tated with  chloroform. 

FILTRATE         is 
boiled    to     re- 
move ammonia, 
and         treated 
with    a    slight 
excess    of    sul- 
phuric       acid, 
filtered         and 
tasted.         If 
bitter,  it  is  agi- 
tated with  chlo- 
roform, and  the 
residue          ex- 
amined for  ca- 
lumba         and 
quassia. 

PRECIPITATE     is 
treated       with 
water   and  de- 
composed     by 
H2S.             The 
filtered     liquid 
is  bitter  in  pre- 
sence of  gentian. 

FILTRATE          is 
treated  with  a 
slight  excess  of 
dilute  sulphuric 
acid,       filtered 
and   tasted.    A 
bitter  taste  in- 
dicates eaZwm&a 
or          chiretta, 
which  may  be  re- 
extracted    with 
ether  and  fur- 
ther examined. 

CHLOROFORM 
LAYER      is 
examined 
by    special 
tests       for 
'jt'iitianand 
old        hop- 
bitter. 

AQUEOUS  LIQUID 
contains  traces 
of         caramel- 
bitter. 

ANIMAL   BASES. 


THE  distinction  formerly  drawn  between  chemical  individuals  of 
the  organic  kingdom  and  those  of  the  mineral  kingdom — namely, 
that  while  the  latter  could  be  prepared  artificially,  the  former 
were  incapable  of  artificial  synthesis — met  its  death-blow  when 
Wbhler  transformed  ammonium  cyanate  into  urea,  a  substance 
of  well-defined  basic  properties  which  hitherto  had  been  obtained 
solely  from  urine  and  other  products  of  the  animal  kingdom. 
Similarly,  the  distinction  drawn  between  vegetable  alkaloids  and 
animal  bases  is  one  based  rather  on  convenience  of  classification  and 
description  than  on  any  sharp  difference  in  properties  or  constitution. 
It  is  a  fact  that  the  great  majority  of  plant-bases  are  derivatives 
of  pyridine  or  quinoline,  but  striking  exceptions  to  this  rule  are  to 
be  found  in  theobromine  and  caffeine,  which  might  with  propriety 
be  considered  among  the  animal  bases,  since  they  are  allied  to  uric 
acid  and  have  the  constitution  respectively  of  dimethyl-  and 
trimethyl-xanthine.  Xanthine  itself  is  a  constituent  of  certain 
plants,  though  it  is  more  characteristic  of  urine  and  urinary 
calculi. 

Besides  urea  and  xanthine,  various  other  substances  of  basic 
character  have  been  long  known  to  exist  in  urine  and  other  animal 
fluids,  and  of  recent  years  numerous  animal  bases  called  ptomaines, 
specially  characteristic  of  putrefactive  decomposition,  have  been 
discovered,  and  to  some  extent  studied. 

A.  Gautier  has  attempted  to  draw  a  distinction  between 
those  bases  which  are  products  of  the  action  of  bacteria  on  proteid 
matters  and  those  which  owe  their  formation  to  the  bio-chemical 
and  physiological  activities  of  the  living  tissues.  Thus,  while  he 
defined  the  ptomaines  as  products  of  bacterial  fermentation  or 
putrefaction,  the  leucomaines  were  regarded  as  resulting  from 
normal  or  abnormal  anaerobic  decompositions  of  the  living  body. 
But  there  is  no  sharp  distinction  between  the  two  classes  of  bases, 
and  certain  known  animal  bases  are  products  of  both  kinds  of 
decomposition.  Certain  of  the  bases  of  both  kinds  are  violent 
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poisons,  equalling  if  not  excelling  in  their  activity  the  most  toxic 
of  the  vegetable  alkaloids,  but  the  majority  are  inert,  or  have  but 
a  very  feeble  toxic  action. 

The  animal  bases  of  known  constitution  may  nearly  all  be 
arranged  in  one  or  other  of  the  following  groups  or  classes  : — 

1.  Pyridine   Derivatives;    including    coilidine,    hydrocollidine, 
and  other  bases  specially  characteristic  of  putrefactive  change. 

2.  Monamines ;  including  methylamine,  trimethylamine,  and  a 
few  other  similar  bases. 

3.  Diamines  ;  including  piperazine,  and  certain  bases  observed 
to  be  produced  in  the  putrefactive  decomposition  of  proteids. 

4.  Amido-Bases  ;  including  glycocine,  leucine,  tyrosine,  aspara- 
gine,  &c. 

5.  Betdines,  a  special  class  of  amido-bases  ;  including  betaine, 
choline,  neurine,  muscarine,  &c. 

6.  Urea  and  its  analogues  and  derivatives. 

7.  Imido-Bases ;    including  guanidine,  glycocyamine,    creatine, 
creatinine,  &c.       Indole   and   skatole    may  also   be   conveniently 
regarded  as  belonging  to  this  class. 

8.  Xanthine  or    Alloxur-Bases ;    including    xanthine,    hypox- 
anthine,  guanine,  carnine,  &c. 

9.  Ptomaines. 

The  most  important  bases  of  the  first  two  classes  have  already 
been  considered  in  Part  ii.  Further  information  respecting  some 
of  them  will  be  found  under  "  Ptomaines,"  as  will  also  descriptions 
of  numerous  bases  of  which  the  constitution  is  not  yet  known. 
The  diamines  of  interest  which  were  not  described  in  Part  ii.  are 
considered  below  ;  the  animal  bases  of  classes  4  to  8  are  described 
seriatim  in  the  sequel ;  and  the  ptomaines  as  a  class  are  considered 
in  a  separate  section  (9). 


DIAMINES. 

The  diamines  are  a  class  of  bases  derived  from  a  double  molecule 
of  ammonia  by  the  replacement  of  two  or  more  of  the  hydrogen 
atoms  by  hydrocarbons  of  the  olefine,  phenylene  or  naphthylene 
series.  The  diamines  of  phenylene,  toluylene,  and  naphthylene 
have  been  described  in  Part  ii.  (pages  86,  87,  93).  Piperazine 
(which  has  the  constitution  of  a  diethylene-diamine)  and  its 
analogue  spermine,  are  described  below,  while  neuridine, 
cadaverine,  and  other  putrefaction-products  having  the  constitu- 
tion of  diamines  are  considered  under  "  Ptomaines." 
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Ethylene-diamine. 

C2H4":(NH2)2;  Or,  C2H4" 

H2 

Ethylene-diamine  is  formed,  together  with  several  allied  bases, 
by  the  reaction  of  ethylene  bromide  and  alcoholic  ammonia  at 
100°  C.  After  cooling,  the  liquid  portion  is  decanted  from  the 
ammonium  bromide,  evaporated  to  dryness,  and  distilled  with 
caustic  potash.  The  distillate  is  digested  with  solid  caustic  potash 
to  absorb  water,  and  the  bases  separated  by  fractional  distillation. 
In  the  manufacture  of  chloral,  a  bye-product  is  obtained  which 
can  be  conveniently  used  for  the  preparation  of  ethylene-diamine. 
The  fraction  of  this  product  boiling  between  70°  and  100°  con- 
tains ethylene  and  ethylidene  chlorides,  together  with  higher 
substitution-products.  On  treatment  with  alcoholic  ammonia  at 
100°— ]  20°,  the  first  two  bodies  are  converted  into  diamines. 
When  the  reaction  is  complete,  the  liquid  is  poured  off  from,  the 
separated  ammonium  chloride,  and  the  unaltered  chlorides  dis- 
tilled off.  From  the  liquid  left  in  the  retort,  the  hydrochloride 
of  ethylene-diamine  separates  out,  and  is  obtained  in  silver-white 
needles  after  repeated  recrystallisation  and  washing  with  alcohol. 

If  the  brown  mother-liquor  be  distilled  with  caustic  potash, 
and  the  first  fraction  of  the  distillate  treated  with  hydrochloric 
acid,  a  further  crop  of  crystals  of  ethylene-diamine  hydrochloride 
will  be  obtained,  while  the  fractions  subsequently  distilling  con- 
tain the  higher  diamines,  triamines,  &c.  (Compare  footnote  on 
page  195.) 

On  distilling  the  hydrochloride  thus  prepared  with  caustic 
potash,  a  hydrate  of  ethylene-diamine  is  obtained  of  the  composi- 
tion C2H4(NH2)2  +  H20,  from  which  the  anhydrous  base  can  only 
be  obtained  by  repeated  distillation  over  sodium.  It  is  a  viscous 
liquid,  having  a  faint  ainmoniacal  odour  and  burning  taste.  It 
boils  at  117°,  and  dissolves  easily  in  water  to  a  strongly  alkaline 
liquid. 

Ethylene-diamine  occurs  with  other  diamines  among  the  pro- 
ducts, of  putrefactive  decomposition  of  proteids  (see  Ptomaines). 

Diethylene-diamine.    Piperazine. 

C2 

C4H101ST2;  i.e.,    H 
C 

This  substance  has  the  constitution  of  a  hexahydropyra- 
zine,  standing  in  the  same  relation  to  pyrazine  (Part  ii.  page  96) 
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that  piperidine  does  to  pyridine.  It  may  be  regarded  as  piperidine 
in  which  the  CH2  group  in  the  y  position  has  been  replaced 
by  NH.  It  has  acquired  considerable  practical  interest  from  its 
supposed  identity  with  spermine,1  a  base  occurring  in  semen 
and  certain  human  organs ;  and  from  the  fact  of  its  forming  a 
soluble  urate,  which  character  has  led  to  its  successful  appli- 
cation as  a  remedy  for  gout  and  rheumatism. 

Diethylene-diamine  was  first  obtained  by  A.  W.  Hofmann, 
together  with  monoethylene-diamine,  (C2H4)H4N2,  as  a  pro- 
duct of  the  reaction  of  ammonia  and  ethylene  bromide.2 

Schering  has  patented  the  direct  production  of  piperazine  by 
reducing  ethylene  oxamide  by  zinc-dust  or  metallic  sodium,  accord- 
ing to  the  equation  : — 

|  CHa.NH.CO  j  __  4H  ._  J  CH2.NH.CH2  | 
\  CH2.NH.CO  j          ^2  ~  (  CH2.NH.CH2  j  H 

Marckwald  and  Haltz  (Eng.  Patent,  1892,  No.  7120) 
have  protected  the  manufacture  of  piperazine  from  aromatic 
disulphone-piperazides,  a  class  of  bodies  of  the  following  general 

1  The  commercial  products  known  as  spermine,  piperazine,  and  piperazi- 
dine  are  stated  by  A.  W.  Hofmann  to  be  identical  with  diethylene- 
d i a m i n e,  and  Ladenburg  admits  the  probable  identity  of  the  base 
described  by  him  as  ethylenemine  with  diethylene-diamine.     Majert  and 
Schmidt  have  come  to  the  same  conclusion  (Ber.,  xxiii.  3297,  3718,  3740). 
On  the  other  hand,  the  natural  base  originally  described  by  Schreiner 
under  the  name  of  spermine  appears  to  be  distinct  from  diethylene- 
diamine,  and  therefore  the  commercial  synthetical  product  should  not  be 
called  by  the  former  name. 

2  H  o  f  m  a  n  n  has  shown  (Eer.,  xxiii.  3711)  that  on  hydrolysis  of  the  pro- 
duct formed  by  the  action  of  ammonia  on  bromethylene,  basic  oils  are 
obtained,  which  on  distillation  yield  fractions  of  continually  rising  boiling- 
point,  the  last  portions  distilling  above  the  range  of  a  mercurial  thermometer. 
On  redistillation,  the  fraction  passing  over  between  117°  and  121°  yields 
e  t  h  y  1  e  n  e-d  i  a  m  i  n  e,  (C.2H4)H4N"2-     The  fraction  from  200°-225°,  on  addi- 
tion of  hydrochloric  acid,  gives  a  crystalline  salt  consisting  chiefly  of  the 
hydrochloride  of  di  ethy  len  e-triamin  e,    (C2H4)2H5N3.      The   fraction 
from  250°-300°  gives,  on  addition  of  hydrogen  bromide,  triethylene- 
tetramine    hydrobromide,    C6H18N"4.4HBr.      This   salt,    which  is 
very  soluble  in  water  but  only  slightly  so  in  alcohol,   on  treatment  with 
caustic  potash  yields  the  free  base  as  a  colourless  viscid  liquid  of  0*9817 
specific  gravity  at  15°,  which  at  18°  C.  solidifies  to  a  radiating  crystalline 
mass  melting  at  12°  C.,  and  becoming  limpid  on  gentle  warming.     It  dis- 
solves in  water  with  development  of  much  heat,  forming  a  strongly  alkaline 
liquid  which  absorbs  carbon  dioxide  with  avidity.     Hofmann  has  also 
studied  the  action  of  heat  on  the  hydrochlorides  of  the  above  bases,  the  most 
characteristic  product  being  diethylene-diamine. 
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formula,  in  which  R  represents  a  phenyl,  tolyl,  xylyl,  or  naphthyl 
residue: — 


On  heating  the  disulphone-piperazides  with  dilute  acid  to  200°— 
250°,  or  with  strong  sulphuric  acid  to  180°-200°  C.,  they  yield 
piperazine  sulphate,  from  which  the  free  base  is  obtained  by  heat- 
ing with  powdered  caustic  soda. 

Piperazine  was  first  obtained  in  a  pure  crystallised  state  by 
Majert  and  Schmidt,  who  prepared  it  by  boiling  dinitrosodiphenyl- 
piperazine  with  aqueous  potash  and  a  little  alcohol.1  It  dissolves 
after  a  time,  when  the  alcohol  is  distilled  off,  more  potash  added, 
and  the  product  distilled  until  only  small  quantities  of  liquid  pass 
over.  The  alkaline  distillate  is  treated  with  hydrochloric  acid, 
and  the  resulting  piperazine  hydrochloride  purified  by  precipitation 
of  its  aqueous  solution  with  absolute  alcohol.  From  the  hydro- 
chloride  the  free  base  is  obtained  by  treatment  with  caustic  alkali 
and  distillation. 

1  This  reaction  has  been  patented  by  W.  Majert  (Eng.  Patent,  1890, 
No.  15,404),  who  directs  that  1  part  of  dinitrosodiphenyl-piperazine  (or  other 
analogous  derivative  of  piperazine)  should  be  boiled  with  from  2  to  4  parts 
of  a  25  per  cent,  solution  of  caustic  soda  or  potash,  when  1  molecule  of 
piperazine  and  2  ofnitrosophenol  are  formed.  On  distilling  the 
mixture,  the  former  passes  over  with  the  steam,  and  is  neutralised  in  the 
distillate  by  hydrochloric,  phosphoric,  or  sulphuric  acid.  Other  modifica- 
tions of  the  process  are  described  in  English  patents,  11,957  of  1891,  4497 
of  1892,  and  5320  of  1893. 

According  to  the  second  of  these  patents  (B.  W  i  1 1  c  o  x),  dinitrosodiphenyl- 
piperazine  is  converted  into  piperazine  by  means  of  acid  sulphites  according 
to  the  equation  : — 

<CELj — CH2  v 
>N.C6 
CH2—  CH,' 


I-          /CHa-CH^          ~| 
=       NH<  >NH     , 

XCHn— CH,/ 


,H2S03 

+  2C6H2.(OH)(NH2)(S02.  ONa)2  +  Na.2S03. 

The  dinitrosodiphenyl-piperazine  is  treated  with  a  40  per  cent,  aqueous 
solution  of  the  acid  sulphite  and  the  mixture  heated  to  the  boiling-point,  when 
a  violent  reaction  occurs,  and  the  dinitroso-compound  is  completely  dissolved 
with  the  formation  of  a  yellow  liquid.  When  the  reaction  is  ended  the  solu- 
tion is  acidified  with  hydrochloric  or  with  sulphuric  acid,  when  a  portion  of 
the  amido- phenol  sulphuric  acid  separates,  and  is  filtered  off.  The  filtrate 
is  then  made  alkaline  and  the  piperazine  distilled  over  with  steam.  It  is 
purified  by  conversion  into  the  hydrochloride  and  subsequent  decomposition 
of  the  latter. 


PIPERAZINE. 


197 


Piperazine  forms  well-defined,  colourless,  four-sided,  glittering 
tables,  which  melt  at  104°-107°  when  heated  in  capillary  tubes; 
although  when  the  melting-point  is  determined  on  larger  quanti- 
ties it  is  found  to  be  112°  —  a  difference  which  is  probably  due  to 
the  extremely  hygroscopic  nature  of  the  base.  Piperazine,  as 
usually  met  with,  boils  at  about  140°  (but  at  145°  when  purified 
by  treatment  with  sodium)  and  solidifies  on  cooling  to  a  hard 
crystalline  mass. 

Piperazine  has  a  faint,  aromatic  odour,  is  practically  tasteless, 
and  is  neither  poisonous  nor  caustic.  It  is  extremely  deliquescent 
and  soluble  in  water,  from  which  menstruum  it  crystallises  in 
glittering  quadratic  tables.  It  is  deposited  from  absolute  alcohol 
in  large,  transparent  crystals. 

The  aqueous  solution  of  piperazine  has  a  strongly  alkaline  reac- 
tion, while  the  solid  substance  readily  absorbs  carbonic  anhydride 
from  the  air  and  is  converted  into  the  carbonate,  melting  at 


Majert  and  Schmidt  have  described  the  following  series  of 
hydrates  of  piperazine,  that  most  readily-formed  being  a  hexa- 
hydrate,  which  crystallises  from  dilute  aqueous  solutions. 


Hydrate. 

Formula. 

Melting-point,°C. 

Monohydrate,  

C4H10N2  +   H20 

75 

Dihydrate,       

C4H10N2  +  2H20 

56 

Trihydrate,      

C4H10N2  +  3H20 

39-40 

Tetrahydrate 

C.iHi(vN2  +  4H20 

42  43 

Pentahydrate,  

C4H10N2  +  5H20 

45 

Hexahydrate,  

<LH™N9  +  6HoO 

48 

Piperazine   Jiydrochloride    forms    snow-white    matted    needles, 
containing  B(HC1)2  -f-  H20.2     It  is  deliquescent,  and  very  soluble 

1  Majert  and  Schmidt  consider  that  the  body  regarded  by  Ladenburg 
as  piperazine  was  in  reality  an  impure  carbonate  of  the  base,  as  proved  by 
its  melting-point,  159°-163°. 

2  When  heated,  piperazine  hydrochloride  is  partially  converted  into  ethyl- 
ene-iminehydrochloride,  C.2H5N,  HC1,  a  readily  soluble  salt  crystallising 
in  transparent  tables.     The  corresponding  chloroplatinate,  B2,H2PtCl6,  forms 
small  yellow  prisms,  while  B,HAuCl4  crystallises  in  yellow  nacreous  plates. 
The  mercurichloride  forms  feathery  groups  of  needles,  while  the  bismutho- 
iodide,  3C2H5]Sr,HI  +  2BiI3,  crystallises  in  lustrous  garnet-red  plates,  insoluble 
in  cold  and  decomposed  by  boiling  water.     On  distilling  this  double  iodide 
with  potash,  evaporating  the  distillate  at  100',  and  drying  under  an  exsic- 
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in  water,  insoluble  in  alcohol,  tastes  like  ammonium  chloride,  and 
is  not  poisonous.  B,H2PtCl6  crystallises  in  small  yellow  needles, 
moderately  soluble  in  hot  water,  but  only  very  sparingly  soluble 
in  hot  alcohol.  B,H2HgCl4  crystallises  in  concentrically  grouped 
needles,  readily  soluble  in  hot  water,  but  reprecipitated  on  adding 
alcohol.  B,HAuCl4  forms  small,  yellow,  glittering  scales. 

Piperazine  is  especially  characterised  by  the  formation  of  an 
insoluble  pomegranate-red  double  salt  with  bismuth,  which  is 
precipitated  on  adding  potassium  bismuth  iodide  (Part  ii.  page  138) 
to  a  dilute,  slightly  acid  solution  of  piperazine  hydrochloride.  It 
forms  microscopic  rods  or  rectangular  plates,  insoluble  in  hydro- 
chloric acid  (compare  spermine,  page  201).  By  this  reaction, 
piperazine  may  be  directly  detected  in  urine  containing  it. 

Piperazine  phosphate  is  said  to  be  obtained  as  a  nearly  insoluble 
crystalline  precipitate,  on  adding  a  phosphate  and  a  little  ammonia 
to  a  solution  of  piperazine.1  It  closely  resembles  spermine  phos- 
phate (page  201),  but  is  distinguished  therefrom  by  its  crystalline 
form.  Under  the  microscope  it  is  described  as  appearing  in  small, 
flat,  four-sided  tabular  crystals,  the  angles  of  which  are  often  cut 
off  diagonally  ;  whereas  spermine  phosphate  crystallises  in  stellate 
aggregates  of  acutely  rounded  pyramids  (Charcot's  crystals). 

Piperazine  urate,  C4H10N2,C5H4N403,  is  a  salt  which  dissolves 
in  50  parts  of  water  at  17°  C.  Even  in  presence  of  a  large 
excess  of  uric  acid,  this  neutral  and  soluble  salt  is  formed,  and  is 
said  to  be  capable  of  dissolving  a  large  excess  of  uric  acid.2  The 
ready  solubility  of  piperazine  urate  has  led  to  the  employment  of 
piperazine  hydrochloride  in  gout,  stone  and  rheumatism,  in  doses 
ranging  from  0'5  to  3'0  grammes  daily,  often  in  conjunction 
with  phenacoll  hydrochloride.3  Piperazine  passes  through  the 

cator,  free  ethyleiie-imine  is  obtained  as  a  white,  porcelain -like  mass, 
which  melts  in  sealed  tubes  at  159°-163°,  and  can  be  sublimed.  It  is  readily 
soluble  in  water  and  alcohol,  but  insoluble  in  ether.  The  vapour-density 

(2*93)  and  other  considerations  lead  Ladenburg  and  Abel  (Ber.,  xxi. 

r  rifT  "j 
758)  to  regard  the  original  distillate  as  containing  -!         [NH,  and  the  solid 

i  PTT  TtfTT  Per  1 

product  as  having  the  doubled  formula  \        '       '         [  ;  in  which  case  it  is 

I  LM.JNll.Uxl  J 

isomeric  with  piperazine  (diethylene-diamine). 

1  Several  samples  of  commercial  piperazine  have  failed  to  yield  any  pre- 
cipitate of  phosphate  in  the  author's  hands. 

2  How  the  recorders  of  this  observation  distinguished  a  mixture  of  free  uric 
acid  with  the  neutral  urate  from  a  soluble  acid  urate  is  not  evident.     What 
is  meant  is  probably  that  excess  of  uric  acid  does  not  lead  to  the  formation  of 
an  insoluble  salt. 

3  G.   Roe    has    pointed  out    that  when  dispensed  in  strong    solution 
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human  organism  unchanged,  and  may  be  found  in  the  urine  in  a 
very  short  time.1  It  is  best  detected  by  boiling  the  urine,  filtering 
from  albumin  or  other  precipitate,  acidulating  the  filtrate  with 
hydrochloric  acid,  concentrating  it  to  a  small  bulk,  and  again 
filtering.  The  filtrate  is  treated  with  strong  soda  solution  and 
distilled.  In  the  distillate  the  piperazine  may  be  recognised  by 
adding  potassio-bismuth  iodide,  when  the  characteristic  bismuth 
compound  is  precipitated  in  garnet-red  microscopic  crystals. 

Piperazine  picrate  is  precipitated,  on  adding  excess  of  picric 
acid  to  a  solution  of  piperazine,  in  pale  yellow  needles,  which  are 
insoluble  in  cold  water  or  in  hydrochloric  acid  and  exhibit  a 
characteristic  microscopic  appearance.  The  salt  is  soluble  in  hot 
water  or  in  a  solution  of  piperazine. 

Biesenthal  found  in  two  cases  that  the  addition  of  picric 
acid  to  the  urine  of  persons  who  had  taken  piperazine  produced 
precipitates  which  he  at  first  regarded  as  due  to  albumin;  but  he 
subsequently  concluded  that  they  were  produced  by  piperazine 
itself,  which  passes  unchanged  through  the  system,  and  gives  a 
precipitate  with  picric  acid  even  when  dissolved  in  20,000  parts  of 
water.  Piperazine  can  thus  be  detected  in  the  urine  three  or  four 
hours  after  it  has  been  taken.  The  picrate  has  a  characteristic 
crystalline  form,  and  cannot  be  mistaken  for  the  amorphous  pre- 
cipitate produced  by  albumin.  Further,  the  precipitate  of 
piperazine  picrate  dissolves  on  heating,  and  reappears  on  cooling, 
while  that  due  to  albumin  is  permanent.  The  nature  of  the 
precipitate  may  be  proved  by  treating  it  with  hydrochloric  acid, 
removing  the  picric  acid  by  agitation  with  ether,  and  recognising 
the  piperazine  by  its  reaction  with  potassio-iodide  of  bismuth. 

piperazine  is  incompatible  with  phenacoll  hydrochloride,  and  E.  H.  G  a  n  e 
has  shown  that  the  latter  compound  is  decomposed  with  formation  of 
piperazine  hydrochloride  and  precipitation  of  free  phenacoll  in  a  crystalline 
state.  For  a  similar  reason  piperazine  is  incompatible  with  iron  salts  and 
with  alkaloids. 

1  Finzelberg  has  pointed  out  that  in  order  to  ensure  the  full  exercise 
of  the  power  of  piperazine  to  dissolve  uric  acid,  its  retention  in  the  blood  for 
some  time  should  be  aimed  at.  Hence  the  base  is  preferably  given  in  solution, 
and  not  in  pills  or  powders.  As  piperazine  does  not  produce  irritation  of  the 
mucous  membrane  of  the  bladder,  even  in  3  to  5  per  cent,  solution,  it  may  be 
injected  locally  for  breaking  down  urinary  calculi  of  mixed  composition. 
J.  Fawcett  finds  that  an  aqueous  solution  of  piperazine  dissolves  uric  acid 
calculi,  but  a  solution  of  it  in  urine  of  the  strength  of  1  in  1000,  which  is  above 
that  usually  found  in  the  urine  after  taking  the  drug  internally,  has  no  effect 
whatever  (Brit.  Med.  Jour.,  1894,  ii.  1426).  Hirsch  found  that  the 
application  of  piperazine  in  1  per  cent,  solution  to  open  gouty  sores  relieved 
the  pain  and  reduced  the  inflammation  (Pharm.  Centralb.,  xxxiii.  145). 
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Dinitroso-piperazine,  C4H8N2(NO)2,  is  obtained  when  sodium 
nitrite  is  added  to  a  solution  of  piperazine  hydrochloride  contain- 
ing free  hydrochloric  acid,  and  the  mixture  warmed  for  a  short 
time.  A  crystalline  body  separates  out,  which,  when  purified  by 
crystallisation  from  boiling  water,  forms  yellowish  lustrous  plates, 
melting  at  158°  and  sparingly  soluble  in  cold  water  or  ether,  but 
readily  in  boiling  water  or  hot  ether.  Dinitroso-piperazine  is  not 
decomposed  by  boiling  with  caustic  alkalies,  or  by  cold  con- 
centrated hydrochloric  or  sulphuric  acid.  It  gives  a  deep  blue 
coloration,  after  some  minutes,  with  a  solution  of  phenol  in  con- 
centrated sulphuric  acid  (Liebermann's  reagent). 

ETHYLENE-ETHENYL-DIAMINE  l  has  been  proposed,  under  the 
name  of  lysidine,  as  a  substitute  for  piperazine  in  uric  acid 
diathesis.  Lysidine  is  a  very  hygroscopic,  reddish-white,  crystal- 
line substance,  having  a  peculiar  odour  resembling  coniine.  It  is 
easily  soluble,  and  occurs  commercially  as  a  50  per  cent,  aqueous 
solution,  from  2  to  10  grammes  of  which  are  directed  to  be  taken 
at  a  time  in  aerated  water. 

Sp  ermine  is  a  base  occurring  as  a  crystalline  phosphate 
in  the  secretions  and  certain  organs  of  animals.  This  phosphate, 
sometimes  known  as  "Charcot's  crystals,"  appears  to  be 
especially  plentiful  in  the  spleen,  liver,  and  blood  of  men  and 
animals  suffering  from  leucocythaemia,2  as  also  in  the  expectora- 
tions in  cases  of  bronchial  asthma.  They  are  also  found  on  the 
surface  of  the  spirit  used  for  preserving  pathological  preparations, 
and  have  been  mistaken  for  tyrosine,  calcium  phosphate, 
and  other  compounds.  Later  researches  have  shown  that  the 
crystals  occur  in  various  healthy  tissues,  but  are  most  char- 
acteristic of  semen,  of  which  they  form  about  5  per  cent,  of  the 
solid  constituents.  They  were  prepared  by  P.  Schreiner 
(Liebig's  Annalen,  cxciv.  68)  from  fresh  human  semen  by  boiling 
it  with  alcohol,  separating  and  drying  the  precipitate,  treating  it 
with  warm  water  rendered  alkaline  with  ammonia,  and  concentrat- 
ing the  filtered  solution.  The  crystals  which  separate  are  purified 
by  recrystallisation  from  hot  water  containing  a  little  ammonia. 
From  the  spermine  phosphate  thus  prepared  the  free  base 

fCH.2.NH 

1  This  substance  has  the  formula  :  — 

| 


2  Spermine  is  extracted  from  these  sources  by  boiling  with  water  containing 
acetic  acid,  precipitating  the  solution  with  lead  acetate,  removing  the  excess 
of  lead  by  sulphuretted  hydrogen,  and  precipitating  the  base  by  phospho- 
tungstic  acid.  Free  spermine  is  obtained  by  boiling  the  precipitate  with 
baryta-water,  and  evaporating  the  filtered  solution. 
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is  obtained  by  boiling  with  baryta-water,  and  evaporating  the 
filtered  solution. 

Spermine  is  a  colourless,  odourless,  crystalline  substance,  soluble 
in  water  and  alcohol  to  form  strongly  alkaline  solutions. 

Spermine  pltospltate  is  immediately  precipitated  in  crystals  on 
adding  phosphoric  acid  to  an  alcoholic  or  aqueous  solution  of  free 
Spermine.  This  reaction  distinguishes  true  spermine  from  com- 
mercial piperazine.  The  crystals,  which  are  chiefly  prisms  and 
stellate  aggregates  of  acutely  rounded  pyramids,  have  a  characteris- 
tic microscopic  appearance.  They  are  colourless,  brittle,  slightly 
soluble  in  cold  but  readily  in  hot  water,  and  in  dilute  acid  and 
alkaline  liquids ;  but  are  insoluble  in  alcohol,  ether,  or  chloroform. 
Spermine  phosphate  contains  two  atoms  of  nitrogen  to  one  of 
phosphorus,  loses  3  aqua  at  100°,  melts  at  170°,  and  at  a  higher 
temperature  decomposes  with  evolution  of  ammonia. 

Spermine  hydrochloride  is  crystalline  ;  the  chloroplatinate  forms 
large  prismatic  crystals.  Auric  chloride  precipitates  from  solutions 
of  spermine  hydrochloride  the  auricldoride,  which  crystallises  in 
golden-yellow  plates,  soluble  in  ether,  alcohol,  and  water.  When 
an  aqueous  solution  of  this  salt  is  treated  with  metallic  magnesium, 
an  odour  resembling  that  of  fresh  human  semen  is  evolved.1 

Spermine  lismutho-iodide  crystallises  long,  pointed  needles,  often 
united  to  form  feathery  aggregates.  The  microscopic  appearance 
of  this  salt  affords  one  of  the  few  tangible  distinctions  between 
spermine  and  piperazine  (page  198). 

The  formula  attributed  to  spermine  by  Schreiner  was  C2H5N, 
while  Ladenburg  and  Abel  suggested  that  it  was  identical 
with  d  i  e  t  h  y  1  e  n  e  -  i  m  i  d  e,  C4H10N2,  which  has  the  same  percentage 
composition.  This  again  is  very  probably  the  same  substance  as 
piperazine.  Pohl,  however,  has  prepared  spermine  by  a 
method  similar  to  that  of  Schreiner  (puge  200),  and  finds  that 
its  properties  fully  agree  with  his  description ;  but,  on  the  other 
hand,  the  analysis  of  the  chloroplatinate  gave  numbers  which  did 
not  agree  with  the  formula  C2H5N,  but  with  the  composition 
C10H26N4,  and  the  analysis  of  the  aurichloride  confirmed  this 
result.  Hence,  if  these  results  be  correct,  spermine  can  be  neither 
identical  with  nor  an  isomer  of  piperazine. 

A.  Jiirgens  (Chem.  Central,  1891,  i.  193  ;  Pharm.  Zeit.  Russ., 
xxix.  726)  has  compared  Schreiner's  base  with  that  of  Pohl.  He 
confirms  the  former  chemist's  results,  and  states  that  certain  of 

1  A.  J  ii  r  g  e  n  s  considers  that  this  reaction  has  only  a  negative  value, 
since  the  filtrate  from  spermine  phosphate  gave  the  same  smell  when  simi- 
larly treated  ;  but  it  is  possible  that  the  trace  of  spermine  remaining  in 
solution  sufficed  to  produce  the  odour. 
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Pohl's  specimens  contained  no  spermine,  since  ammonium  phos- 
phate and  ammonia  gave  no  crystalline  precipitate,  auric  chloride 
precipitated  an  amorphous  substance,  and  platinic  chloride  gave 
cubical,  not  prismatic,  crystals. 

A  direct  comparison  by  M a j e r t  and  Schmidt  of  piperazine 
with  Schreiner's  spermine  has  shown  that  these  two  compounds 
are  not  identical,  great  differences  existing  between  the  phosphates 
and  bismutho-iodides  of  the  two  bases  (J3er.,  xxiv.  241). 
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By  the  replacement  of  the  hydrogen  of  ammonia  by  acid-radicals, 
or,  otherwise  expressed,  by  the  replacement  of  the  hydroxyl-group 
by  amidogen,  NH2,  amides  are  produced  which  may  be 
primary,  secondary,  or  tertiary,  according  to  the  number 
of  hydrogen-atoms  or  hydroxyl-groups  thus  substituted.  Thus 
there  may  be  obtained  from  acetic  acid,  C2H3O.OH : — 

Acetamide, (C2H80).NH2 

Diacetamide, (C2H30)2.NH 

Triacetamide,  .          .          .          .  .       (C2H30)3.K" 

Alkylated  amide  s  are  compounds  derived  from  ammonia  by 
the  simultaneous  replacement  of  its  hydrogen  by  acid  and  alkyl- 
radicals,  as  in  ethyl-acetamide  or  acetyl-ethylamine  : — 

NH  I  ^2^5 
1  C2H30 

Acetanilide  (Part  ii.  page  68),  C6H5.NH.C2H30,  is  a  body 
of  the  same  class. 

The  amides  are  obtained  : — 

1.  By  heating  the  ammonium  salts  of  the  corresponding  acids  to 
about  230°  C. :— C2H3O.ONH4  =  H20  +  C2H3O.NH2. 

2.  By  the  addition  of  the  elements  of  water  to  the  cyanide  of 
the  next  lower  alkyl-radical :— CH8.CN  +  H20  =  CH3.CO.NH2 . 

This  assimilation  of  water  is  frequently  effected  by  dissolving 
the  nitrile  in  concentrated  sulphuric  acid,  or  in  a  mixture  of  acetic 
and  sulphuric  acids  ;  or  by  the  action  of  cold  concentrated  hydro- 
chloric acid.  Also,  and  often  quantitatively,  by  treatment  with 
hydrogen  peroxide. 

3.  By  the  action  of  ammonia  on  acid  chlorides  or  anhydrides  : — 

a.  CH3CO.C1  +  2NH3  =  CH3CO.NH2  +  NH4C1 . 

b.  [(CH3CO)0]2  +  2NH8  =  CH3C0.1XTH2  +  C2H3O.ONH4 . 
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4.  By  the  reaction  of  ethereal  salts  with  ammonia,  the  change 
sometimes  occurring  in  the  cold  :  — 

CHCO.OCH  +  NH  =  CHCO.NH  +  H.OCH 


3.25  3          8.2        .26  . 

5.  The  secondary  and  tertiary  amides  result  from  the  treatment 
of  the  acids  or  anhydrides  with  their  nitriles  :  — 


a. 

b.  CH3.CN  +  (CH3CO)20  =(CH3CO)3N. 

The  foregoing  reactions  are  those  of  acetamide,  which  is  the 
typical  body  of  the  series. 

The  amides  are  readily  saponifiable.  When  they  contain  both 
acid  and  alkyl-radicals  only  the  former  is  saponified  :  — 

C2H3O.NH(C2H5)  +  H.ONa  =  C2H8O.ONa  +  H.NH(C2H5)  . 

Ethyl-acetamide.  Sodium  acetate.  Ethylamine. 

Nitrous  acid  acts  on  the  amides  with  formation  of  the  corre- 
sponding acids  and  liberation  of  nitrogen.  The  reaction  consists 
in  an  exchange  of  a  hydroxyl-group  for  an  amidogen-group  (OH 
for  NH2)  :— 

C2H8O.NH2  +  NO.OH  =  C2H3O.OH  +  H20  +  N2/ 

This  reaction  may  be  applied  to  the  determination  of  amido- 
compouuds  (see  Asparagine,  page  220). 

When  treated  with  bromine  and  alkali  the  primary  amides  form 
bromo-derivatives,  which  are  converted  by  further  treatment  with 
alkali  into  amines  thus  :  — 

C2H3O.NH2  +  Br2  =  C2H3O.NHBr  +  HBr  . 

These  bromo-derivatives  react  with  more  amide  and  alkali  to  form 
peculiar  substituted  ureas,  e.g.,  methyl-acetyl-urea,  NH(CH3).CO. 
XH(C2H3O),  which  are  split  up  by  further  alkali  with  formation 
of  amines  containing  one  carbon-atom  less  than  the  original  amide. 
This  reaction  affords  an  excellent  means  of  preparing  the  lower 
amines  (see  Methylamine,  Part  ii.  page  11);  but  in  the  case  of 
amides  containing  more  than  five  carbon-atoms  the  reaction  is 
less  productive  of  amines,  as  it  is  complicated  by  the  formation 
of  nitriles  and  lower  acids  through  the  action  of  the  excess  of 
bromine  on  the  amines  produced  :  — 

CBH^l.CH^KBpi«CBH^1.CK4-«HBi  ;  and, 
CnH^.CN  +  2H20  =  CyWCOOH  +  NH3  . 

A  modified  reaction  occurs  when  amido-compounds  are  treated 
at  once  with  a  solution  of  sodium  hypobromite  containing  an 
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excess  of  caustic  soda.  Under  these  circumstances  the  nitrogen  is 
in  some  cases  wholly  or  partly  evolved  as  gas,  a  fact  utilised  for 
the  determination  of  urea,  &c. 

The  amides,  though  derivatives  of  ammonia,  have  very  feebly- 
marked  basic  characters,  the  basylous  radical  being  apparently 
neutralised  by  the  chlorous  group  ;  indeed,  one  molecule  may  be 
said  to  neutralise  another.  The  primary  amides  are,  however, 
capable  of  forming  hydrochlorides  [e.g.,  acetamide  hydro- 
chloride,  (C2H3O.NH2)2HC1]  and  certain  other  salts,  but  such  com- 
pounds are  very  unstable,  being  decomposed  in  most  cases  by 
water  alone  (compare  acetanilide).  On  the  other  hand,  the 
hydrogen  of  the  lSTH2-group  can  be  replaced  by  metals,  especially 
mercury,  the  amide  existing  as  an  acid  in  such  compounds. 

The  amides  are  remarkable  for  their  high  melting  and  boil- 
ing-points as  compared  with  the  corresponding  amines.  Thus 
acetamide,  C2H3O.NH2,  does  not  melt  below  222°  C.,  whereas 
ethylamine,  C2H5.NH2,  boils  at  19°. 

By  the  exchange  of  the  oxygen  in  amides  for  the  imido-residue, 
NH,  amidines  or  amido-amines  are  formed,  of  which  class  the 
typical  substance  is  acetamidine  : — CH3.C(]^H).NH2  . 

The  amidines  have  well-characterised  basic  properties,  but  are 
very  easily  saponified  by  boiling  either  with  alkalies  or  with 
acids. 

AMIDO-ACIDS  are  compounds  in  which  NH2  replaces  an  atom  of 
the  hydrogen  of  the  methyl-group,  whereas  in  the  amides  the  OH 
of  the  carboxyl-gionp  is  replaced,  as  is  shown  by  the  following 
formulae : — 


PTT  J  H  |  NH2  PTT  I  H 

n2  I  CO.OH  r±12  [  CO.OH  1±±2  I  C0.1STH2 

Acetic  acid.  Amido-acetic  acid.  Acetamide. 

The  amido-acids  result  from  the  replacement  of  one  of  the 
hydrogen-atoms  in  direct  union  with  carbon  by  the  amido-group 
NH2,  which  can  be  effected,  among  other  methods,  by  treating 
the  chloro-  or  bromo-acid  with  ammonia  ;  — 

CH2Br.COOH  +  NH3  =  HBr  +  CH2(NH2).COOH  . 

Bromacetic  acid.  Amidoacetic  acid. 

On  the  other  hand,  when  the  hydroxyl  of  the  acid  is  replaced 
by  an  amido-group  an  acid  amide  is  formed  :  — 


Acetyl  chloride.  Acetamide. 

AMIC   ACIDS    are    derivatives    of    polybasic    acids    intermediate 
between    the  amido-acids    and   amides.     They    contain    both    an 
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amidogen-group,  NH2,  and  a  carboxyl-group,  COOH,  whereas  the 
latter  is  absent  from  the  corresponding  amides. 

By  treating  amido-acids  and  amic  acids  with  nitrous  acid,  the 
corresponding  hydroxy-acids  are  formed  and  nitrogen  evolved. 
Thus,  aspartic  acid  (succinamic  acid)  yields  hydroxy-succinic  acid 
(malic  acid)  by  reaction  with  nitrous  acid.  Amidoacetic  acid 
(glycocine)  yields  hydroxy-acetic  acid  (glycollic  acid). 

The  table  on  the  preceding  page  shows  the  formula  and  relation- 
ships of  some  of  the  more  important  bodies  of  the  amido-group. 
Among  other  interesting  synthetical  bodies  of  analogous  con- 
stitution are  :  — 

Acetyl-glycocine,  .        .     Aceturic  acid,    .        .    j  CH2JSTH(C2H30) 

f  NH 

Ethyl  carbamate,  .         .     Urethane,          .         .    j  QQ  QfC  H  1 

Phenyl-urethane,  .         .     Euphorin,         .         .    I 


A  number  of  interesting  natural  compounds  also  belong  to  the 
same  class.  Among  these  may  be  mentioned  leucine,  tyrosine, 
asparagine,  glutamine,  cystin,  betai'iie,  choline,  neurine,  and 
muscarine.  These  are  formulated  and  described  on  page  210, 
et  seq.  Urea  is  considered  in  a  separate  section  (page  248). 

GlyCOCine.     Glycocoll.     Glycine.    Amido-acetic  acid. 


(H 

N'"-^  H 
IC1 


C2H6N02 ;  i.e.,  W\  CH2.CO  )  ;  or 

(  0  j  (  CH2.COOH 

Glycocine  does  not  appear  to  occur  frequently  ready-formed 
in  nature,  though  it  is  said  to  occur  in  the  muscle  of  Peden 
irradians.  Glycocine  is  a  very  frequent  product  of  the  action  of 
acids  or  alkalies  on  animal  matters.  Thus  it  was  first  obtained 
by  Braconnot  in  1820  by  boiling  glue  with  sulphuric  acid, 
whence  its  name  of  glycocoll  or  sugar  of  gelatin.  It  like- 
wise results  from  the  action  of  caustic  alkalies  on  meat  or  gelatin, 
and  is  also  formed  when  hippuric  acid  is  boiled  with  hydrochloric 
acid,  or  when  glycocholic  or  hyoglycocholic  acid  is  boiled  with 
baryta-water. 


Hippuric  acid.  Benzoic  acid.  Glycocine. 

(C24H3904).NH.  CH2.  COOH  +  OH2= C^A  +  NH2.  CH2.  COOH 
Glycocholic  acid.  Cholic  acid.         Glycocine. 

Glycocine  is  best  prepared  by  boiling  hippuric  acid  for  half  an 
hour  with  four  parts  of  fuming  hydrochloric  acid.     The  product 
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is  diluted  with  water  and  allowed  to  cool,  when  the  greater  part 
of  the  benzoic  acid  crystallises  out.  The  remainder  is  removed 
by  agitation  with  ether  or  petroleum-spirit,  and  the  solution  of 
glycocine  hydrochloride  evaporated  till  the  salt  crystallises  on 
cooling.  It  is  washed  with  absolute  alcohol,  and  on  treatment 
with  an  equivalent  amount  of  litharge  or  oxide  of  silver  yields 
free  glycocine,  which  is  recrystallised  from  water  or  dilute 
spirit. 

Glycocine  may  be  prepared  by  boiling  glycocholic  acid  for 
twelve  hours  with  strong  hydrochloric  acid,  filtering  from  the 
resinous  mixture  of  cholic  acid  and  dyslysin,  and  evaporating  the 
filtrate.  The  glycocine  hydrochloride  is  dissolved  in  water  and 
treated  with  lead  hydroxide,  the  liquid 
filtered,  and  the  soluble  lead  com- 
pound of  glycocine  decomposed  by 
passing  sulphuretted  hydrogen.  On 
concentrating  the  filtered  liquid,  glyco- 
cine is  deposited  in  crystals. 

Glycocine  may  also  be  prepared  by 
boiling  a  concentrated  solution  of 
chloracetic  or  bromacetic  acid  with  a 
large  excess  of  strong  ammonia. 

Glycocine  has  the  constitution  of  an 
amidoacetic  acid,  and  is  the  type 

of  a  somewhat  numerous  class  of  sub-  Fig  I._GLYCOCINE. 

stances  which  either  actually  occur  in 
the   animal  tissues   or  products  of  their  change,  or  are   closely 
related  to  such  compounds  of  natural  occurrence. 

Glycocine  forms  very  hard,  flattened  prisms  or  aggregated 
plates,  belonging  to  the  monoclinic  system  (fig.  I).1  The 
crystals  grate  between  the  teeth  and  have  a  sweet  taste,  but 
are  not  poisonous.  When  heated  to  170°  C.,  glycocine  melts, 
and  at  a  higher  temperature  decomposes  with  separation  of 
carbon. 

Glycocine  dissolves  in  about  400  parts  of  cold  and  a  smaller 
quantity  of  boiling  water.  It  crystallises  readily  by  spontaneous 
evaporation  of  its  aqueous  solution.  It  is  moderately  soluble  in 
rectified  spirit,  but  insoluble  in  absolute  alcohol,  even  when 
boiling,  as  also  in  ether.  Glycocine  is  optically  inactive.  It  is 
not  susceptible  of  the  alcoholic  fermentation. 

When  glycocine  is  boiled  with  concentrated  caustic   alkali  it 

1  Mere  traces  of  impurities  are  stated  to  influence  the  crystalline  form  and 
other  physical  characters  of  glycocine  in  a  remarkable  manner. 
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evolves  ammonia,1  and  on  treating  the  residue  with  hydrochloric 

acid  hydrocyanic  acid  is  disengaged,   while  oxalic   acid   is 

found  in  the  liquid. 

Glycocine  is  charred  by  strong  sulphuric  acid.     Distilled  with 

dilute   sulphuric   acid  and  manganese  or  lead  dioxide,  it  yields 

hydrocyanic  and  carbonic  acids: — 

C2H5N02  +  02  =  2H2()  +  C02  +  HCN 

Nitrous  acid  converts  glycocine  into  glycollic  acid,  thus  : — 
CH2(NH2).COOH  +  KN02  =  CH2(OH).COOH  +  H20  +  ff  2 

On  agitating  the  liquid  with  ether,  the  glycollic  acid  is  dissolved.2 

Glycocine  evolves  no  nitrogen  when  treated  with  an  alkaline 
solution  of  sodium  hypobromite  (A.  H.  Allen). 

On  addition  of  mercurous  nitrate,  cold  solutions  of  glycocine  yield 
a  grey  precipitate  of  metallic  mercury,  but  the  reaction  occurs 
more  readily  on  heating. 

On  addition  of  ferric  chloride  to  a  solution  of  glycocine,  a  strong 
red  coloration  is  produced.  This  is  destroyed  by  acids,  but  re- 
appears on  cautious  neutralisation.  Hence,  amidoacetic  acid  reacts 
with  ferric  salts  much  like  acetic  acid  itself. 

When  treated  with  a  drop  of  phenol  and  then  with  a  solution 
of  sodium  hypochlorite,  glycocine  gives  a  blue  coloration,  in  this 
reaction  resembling  ammonia,  aniline,  and  methylamine. 

On  heating  glycocine  in  a  sealed  tube  with  benzoic  acid,  hip- 
puric  acid  is  produced.  The  same  product  is  formed  by  treating 
glycocine  with  hydrochloric  acid  and  benzoyl  chloride.  This  re- 
action has  been  proposed  by  C.  S.  Fischer  (Zeit.  physiol.  Chem., 
xix.  164)  for  the  determination  of  glycocine,  and  the  value  of  the 
method  has  been  confirmed  byM.  Gonnermann  (Pfliiger's  Archiv, 
1894,  lix.  42).  When  glycocine  is  taken  internally,  it  appears  in 
the  urine  as  hippuric  acid,  which  has  the  constitution  of  a  benzoyl- 
glycocine,  (CeH5.CO).:N"H.CH2.COOH. 

Glycocine  is  neutral  to  litmus,  and  has  at  once  the  characters  of 

1  According  to  Horsford  a  fiery-red  coloration  is  produced  by  heating 
glycocine  with  strong  alkalies,  but  the  reaction  appears  to  have  been  due  to 
an  impurity. 

2  On  separating  and  evaporating  the  solution,  the  glycollic  acid  is  obtained 
in  fine  laminse,  which  are  unchanged  in  the  air,  melt  at  80°,  and  are  readily 
soluble  in  alcohol. 

GLYCOLLIC  ACID,  CH2(OH).COOH,  forms  crystallisable  salts,  most  of  which 
are  readily  soluble.  The  neutral  lead  salt  is  soluble  in  cold  water,  but  on 
boiling  its  solution,  or  on  precipitating  a  glycollate  with  lead  acetate,  a  basic 
salt,  (C2H303Pb)20,  separates  in  stellar  needles,  requiring  10,000  parts  of 
water  for  solution.  Cupric  glycollate,  Cu(C2H303)2,  forms  blue  crystals,  which 
require  134  parts  of  cold  water  for  solution.  > 
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an  acid  and  a  base.1  It  combines  with  metallic  oxides,  and  forms 
crystallisable  salts  with  acids.  On  boiling  an  aqueous  solution  of 
glycocine  with  cupric  hydroxide  or  acetate,  cupric  amido- 
acetate,  Cu(C2H4N02)2-r-H20,  separates  in  fine  blue  needles'  on 
cooling  or  on  adding  alcohol.  The  compound  dissolves  in  caustic 
alkalies  with  deep  blue  colour.  If  glycocine  and  caustic  potash 
be  added  to  a  solution  of  cupric  sulphate,  the  liquid  becomes  dark 
blue,  and  the  above  salt  is  precipitated  on  adding  alcohol. 

The  barium,  strontium,  calcium,  and  magnesium  salts  of  amido- 
acetic  acid  have  been  obtained  in  a  crystallised  state  (Annalen,  cclxvi. 
292),  and  the  mercury,  lead,  cadmium,  and  palladium  salts  are  like- 
wise crystalline.  The  silver  salt  crystallises  in  tablets,  has  a  strong 
alkaline  reaction,  turns  grey  in  the  light,  and  decomposes  at  100°  C. 

In  addition  to  mere  homologues,  several  important  and  interest- 
ing derivatives  of  glycocine  occur  naturally  in  the  animal  kingdom. 
Among  these  bodies  are  hippuric  and  salicyluric  acids, 
occurring  in  urine;  glycocholic  acid  and  hyoglycocholic 
acid,  constituents  of  bile;  glycocyamine,  creatine,  &c. 

Glycocine  hydrochloride,  C2H5N02,HC1,  forms  deliquescent  crys- 
tals, having  an  acid  reaction  and  astringent  taste.  It  is  readily 
soluble  in  water,  but  only  slightly  in  alcohol.  B2,HC1  forms 
trimetric  crystals.  B2,H2S04  forms  large  non-deliquescent  prisms, 
soluble  in  water,  but  insoluble  in  alcohol  or  ether.  B,HN03  and 
B2,H2C204  are  also  crystallisable. 

In  consequence  of  the  double  function  exerted  by  glycocine,  it 
not  only  combines  both  with  bases  and  acids,  but  forms  a 
peculiar  class  of  compounds  with  neutral  salts.  Of  these  the 
type  is  the  potassium  nitrate  compound : — N03.NH3.CH2.COOK. 

Analogues  of  Glycocine. 

Glycocine  may  be  looked  on  as  the  starting  point  or  type  of 
two  distinct  series  of  bases,  according  as  it  is  regarded  as  an 
amido-acid  or  an  internal  anhydride1 : — 

H 
H 
Glycocine.     N«(  H 

ICH2.CO| 
,0 } 

Amido-acid.  Internal  Anhydride. 

1  It  has  been  suggested  that  free  glycocine  may  be  regarded  as  glycocine 

amidoacetate:— H3N  j^°'^2)-NH3.      A    determination    of    the 
(  CH2.CO.O  ) 

molecular  weight  of  glycocine  in  aqueous  solution,  by  Raoult's  method,  does 
not  confirm  this  doubled  formula. 
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Alanine,  butalanine,  and  leucine  are  bases  of  the  first  type  ; 
sarcosine  and  betaine  belong  to  the  second  class,  and  together 
with  neurine  and  choline  are  considered  in  a  separate  section 
under  the  head  of  Betaines  (page  232). 

The  chief  members  of  the  first  series  of  analogues  of  glycocine 
may  be  thus  formulated : — 


GLYCOCINE.     Amidoacetic  acid, 

(CO.OH 


2 

ALANINE.     Amidopropionic  acid,  .         .  -J  ^2^3  ~|  jj 

(  CO.OH 


BUTALANINE.    )*•-,,  )  CoH,  -!  ^    2 

PiPERicAciD   f  Amidobutync  acids,       X     3    5(H 

(  CO.OH 


LEUCINE.     Amidocaproic  acid,       .         .  <     5 

{  CO.OH 


TYROSINE.     Parahydroxyphenyl-amido-    J  C2E.3  -v  p  TT  nTT 
propionic  acid,  0  CO.OH 


ASPARTIC  ACID.     Amidosuccinic  acid,     .  <  ^2^±B  \  COOH 

(  COOH 


ASPARAGIN.     Amidosuccinamic  acid,      .<     2    3(CO.NHS 

(CO.OH 

c  ( 

CYSTEIN.     Amidothiolactic  acid,    .         .  <     2    3  ( 

(  CO.OH 


CYSTIN,          .         .         .         •  i    "   *-l  ° ^  )     "    "  /• 

(COOH  COOHJ 


TAURIN.     Amidoethane-sulphonic 


rrTT  JNH 

ic  acid,  J  (  ^^IH 
(SO.OH 


EUCINE. 
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It  will  be  observed  that  alanine,  tyrosine,  aspartic  acid,  asparagin, 
cystin,  cyste'in,  and  taurin  are  closely  related,  all  containing  the 
group  —  C2H3(NH2).  Glycocine  is  a  lower  homologue  of  alanine, 
and  butalanine  and  leucine  higher  homologues  of  the  same  series. 

Leucine.      Amidocaproic  Acid.     a-Amido-tt-hexoic  acid. 


Leucine  was  originally  discovered  by  Proust  (1819)  in  putrefied 
cheese.  It  was  found  by  Liebig  in  diseased,  but  not  in  healthy, 
calf's  liver.  It  has  been  found  in  the  brain,  pancreas,  thyroid  and 
thymoid  glands,  &c.  ;  and  in  the  liver  and  urine  in  cases  of  small- 
pox, typhus  fever,  leucaemia,  affections  of  the  spinal  cord,  and 
poisoning  by  phosphorus  ;  also  in  many  invertebrate  animals. 
Leucine  is  a  characteristic  product  of  the  putrefaction  of  gelatin  and 
proteids,  and  is  produced,  together 
with  glycocine,  tyrosine,  as- 
partic and  glutamic  acids,  by  the 
action  of  boiling  dilute  acids  or 
fused  caustic  potash  on  these 
substances. 

In  the  vegetable  kingdom, 
leucine  has  been  found  in  young 
pumpkins,  beetroot  and  beetroot 
molasses,  the  juice  of  vetches 
germinated  in  the  dark  ;  in  Agari- 
cus  muscarius,  &c.,  &c. 

Leucine  has  been  prepared  Fig.  2.—  TYRosiNB~and^EuciNE  as  oh- 
synthetically  by  the  reaction  of  tained  together  in  the  process  of 
a-bromohexoic  acid  with  ammonia. 

Leucine  is  conveniently  prepared  by  boiling  two  parts  of  horn- 
shavings  with  five  parts  of  sulphuric  acid  and  13  of  water  for 
twenty-four  hours,  under  a  reflux  condenser.  The  product  is  then 
treated  with  excess  of  lime,  boiled  well,  filtered,  and  the  filtrate 
evaporated  to  about  one-half.  It  is  then  faintly  acidulated  with 
oxalic  acid,  the  calcium  oxalate  filtered  off,1  and  the  nitrate  con- 
centrated till  a  crystalline  film  forms  on  the  surface.  On  cooling, 
crystalline  laminae  are  deposited,  consisting  of  a  mixture  of  leucine 
and  tyrosine  (fig.  2),  and  a  further  crop  can  be  obtained  by  con- 

1  At  this  stage  Waage  gradually  adds  recently  precipitated  cupric  hy- 
droxide (avoiding  excess),  and  boils.  On  cooling,  a  copper  compound  of 
leucine  separates  out  in  light  blue  scales.  This  is  filtered  off,  decomposed  by 
sulphuretted  hydrogen,  and  the  liberated  leucine  purified  by  crystallisation 
from  dilute  alcohol. 
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centrating  the  mother-liquor.  The  crystals  are  redissolved  in  such 
a  quantity  of  boiling  water  that  only  ty rosin e  is  deposited  on  cooling. 
The  mother-liquor  is  treated  with  precipitated  hydroxide  of  lead, 
which  removes  colouring  matter  and  a  little  tyrosine,  and  the 
filtrate  freed  from  lead  by  sulphuretted  hydrogen  and  evaporated 
till  a  film  forms  on  the  surface.  The  crystals  of  leucine  which 
deposit  on  cooling  may  be  further  purified  from  tyrosine  by  treat- 
ment with  boiling  alcohol  of  70  per  cent.  (sp.  gr.,  0'872),  which 
leaves  the  tyrosine  undissolved.  To  get  rid  of  traces  of  a  sul- 
phuretted impurity,  the  leucine  may  be  dissolved  in  dilute  caustic 
alkali,  a  solution  of  lead  oxide  in  caustic  alkali  added,  and  the 
liquid  boiled  for  half  an  hour.  The  liquid  filtered  from  the  lead 
sulphide  is  exactly  neutralised  by  sulphuric  acid,  evaporated  to 
complete  dryness,  and  the  residue  exhausted  with  boiling  alcohol 
of  0 '830  specific  gravity,  which  on  cooling  deposits  the  leucine  in  a 
state  of  absolute  purity.1 

Erlenmeyer  and  Schoffer  have  recorded  the  quantities  of 
leucine  and  tyrosine  yielded  by  boiling  one  part  of  various  animal 
matters  with  5  parts  of  a  diluted  acid  made  by  mixing  2  parts  of 
strong  sulphuric  acid  with  3  parts  of  water.  They  found  the 
results  equally  good  after  three  hours'  boiling  with  the  acid  as 
when  treatment  was  continued  for  36  to  40  hours.  The  following 
results  were  obtained  : — 

Leucine.  Tyrosine. 

Cervical  ligament  of  the  ox,        .         .       38-45  per  cent.  J  per  cent. 

Blood  fibrin, 14  ,,  2       ,, 

Flesh  fibrin, 18  ,,  1 

White  of  egg, 10  ,,  1       ,, 

Horn  (with  10  parts  of  dilute  acid),   .          10  ,,  3 '6     ,, 

It  will  be  observed  that  the  yield  of  leucine  from  the  cervical 
ligament  of  the  ox  is  not  only  much,  greater  than  from  horn,  but 
that  only  an  insignificant  proportion  of  tyrosine  is  produced.  The 
ligament  should  first  be  thoroughly  freed  from  fat  by  treatment 
with  ether  or  petroleum-spirit,  and  from  adhering  fibrous  tissue  by 
boiling  with  water  containing  acetic  acid.  The  leucine  obtained 

1  For  the  extraction  of  the  traces  of  leucine  and  tyrosine  existent  in  urine, 
the  liquid  should  be  treated  with  basic  lead  acetate,  filtered,  the  excess  of 
lead  removed  by  sulphuretted  hydrogen,  and  the  filtrate  evaporated  to  dry- 
ness.  The  leucine  is  dissolved  by  treating  the  residue  with  boiling  alcohol, 
while  the  tyrosine,  which  remains  insoluble,  is  crystallised  from  slightly 
ammoniacal  water.  Very  minute  traces  of  leucine  and  tyrosine  exist  in 
normal  urine,  but  in  phosphorus  poisoning  and  acute  yellow  atrophy  of  the 
liver  the  proportion  is  greatly  increased. 
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by  concentrating  the  filtrate  from  the  calcium  oxalate  precipitate 
from  this  source  is  fairly  pure  after  being  recrystallised  once  or 
twice  from  dilute  alcohol. 

Leucine  separates  from  alcohol  in  thin  nacreous  scales  resem- 
bling cholesterin.  The  crystals  have  a  specific  gravity  of  1'293, 
but  are  wetted  with  difficulty  by  water,  and  often  float  on  the 
surface.  When  not  perfectly  pure,  leucine  often  separates  in 
concentric  nodules  closely  resembling  fatty  cells  (fig.  4),  but  which 
under  the  microscope  appear  as  concentrically  grouped,  highly 
refracting  needles. 

When  cautiously  heated  (in  a  tube  open  at  both  ends),  leucine 
sublimes  unchanged  in  light  white  flocks,  which  under  the  micro- 
scope are  seen  to  consist  of  delicate  scales  grouped  together  in  the 
form  of  rosettes.  When  heated  to  170°,  leucine  melts  to  a  brown 


Fig.  3.— Spheroidal  crystalline  masses  of  leucine.  a,  a  very  minute  simple  spherule; 
b,  hemispheroidal  masses ;  c  c,  aggregates  of  small  globules ;  d,  a  large  globule 
supporting  two  halves  ;  e  f,  a  large  spheroid  of  leucine  richly  studded  with  minute 
segments ;  g  gg  g,  laminated  globules  of  leucine,  some  with  smooth,  some  with  rough 
surface,  and  of  very  various  sizes. 

viscous  liquid,  and  at  a  slightly  higher  temperature  decomposes 
into  amylamine  and  carbon  dioxide : — C6H13N02  =  C5H13N  +  C02. 
Leucine  is  sparingly  soluble  in  cold  water  (1  :  49  at  12°,  Hiifner; 
1:45  at  18°,  Schulze;  1  :  27,  Zollikofer),  but  more  readily  in 
boiling  water.  It  requires  660  parts  of  cold  rectified  spirit  and 
1040  parts  of  cold  alcohol  of  96  per  cent,  for  solution,  but  dissolves 
in  800  parts  of  boiling  98  per  cent,  alcohol,  and  more  readily  in 
weaker  spirit.  Its  solubility  in  water  and  in  alcohol  is  increased 
by  acetic  acid  or  an  acetate  of  alkali-metal.  Leucine  is  insoluble 
in  ether.  It  dissolves  readily  in  acids  and  alkalies. 
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Leucine  is  optically  active,  the  specific  rotatory  power  for  the 
Fraunhb'fer  line  D  being  stated  by  Peese  to  be  +14'1°  for  a  15 
per  cent,  solution  in  hydrochloric  acid,  and  +5'6°  for  a  25  per 
cent,  solution  in  ammonia.1 

A  variety  of  leucine  has  been  obtained  by  Schulze  and 
Likiernik  from  the  vegetable  albuminoid  conglutin.  When 
heated  with  baryta  to  160°  it  loses  its  optical  activity,  and  forms 
an  inactive  modification  which  has  been  proved  to  be  identical 
with  the  a-amido-isobutylacetic  acid  prepared  syntheti- 
cally from  iso-valeraldehyde.  Both  compounds  have  the  same 
solubility  in  water,  yield  active  leucine  under  the  action  of 
PeniciUiwn  glaucum,  and  are  converted  into  the  same  hydroxy- 
caproic  acid  on  treatment  with  nitrous  acid.2 

1  According  to  Schulze  and  Bosshard  (Zeit.  physiol.  Chem. ,  x.  134), 
the  leucine  obtained  from  vegetable  proteid  conglutin  is  optically  active 
when  hydrochloric  acid  has  been  employed  as  the  decomposing  agent,  but 
inactive  if  baryta-water  at  a  temperature  of  150°-160°  has  been  used.     When 
leucine  obtained  by  the  former  method  is  heated  with  baryta- water  under 
pressure  at  150°-160°  for  three  days,  it  becomes  optically  inactive,  and  its 
solubility  in  water  diminishes.     Heating  leucine  with  water  alone  under  the 
same  conditions  produced  no  change.     When  the  mould  Penicillium  glaucum 
was  grown  in  a  solution  of  leucine  for  five  or  six  weeks,  the  optical  activity 
was  exactly  reversed,   [a]o    changing    from  +17 '3°  to  -17'3°  (See  also  E. 
Schulze,  Ber.,  xxvi.  56). 

2  Schulze  and  Likiernik  (Zeit.  physiol.  Chem.,  xvii.  513)  find  that 
the  leucine  obtained  from  fibrin,   elastic  tissue,  and  other  sources  has  the 
same  properties  as  that  derived  from  conglutin. 

On  the  other  hand,  B.  Gmelin  (Zeit.  physiol.  Chem.,  xviii.  21)  finds  the 
leucine  from  different  sources  to  vary  in  solubility  and  optical  activity, 
though  identical  in  elementary  composition.  Gmelin  gives  the  following 
data  :— 


Solubility  in  Water. 

Source  of  Base. 

Sp.  Rotation  in 
HC1  Solution.  [a]D= 

Melting-point 
of  Leucic  Acid. 

At  19°  C. 

At  about  100°. 

Yeast,     .    . 

1  in  28-8 

1  in  15-9 

+  17-2° 

72-5° 

Casein,    .    . 

1  in  29-0 

1  in  14-3 

+  17-2° 

72-5° 

Haemoglobin, 

1  in  45-8 

1  in  187 

+  14-3° 

67-0° 

According  to  R.  Cohn  (Ber.,  1894,  xxvii.  2727),  leucine  obtained  by  fer- 
menting blood-fibrin  with  calf  s  pancreas  does  not  melt  and  partially  sublime 
at  170°,  but  melts  and  decomposes  at  275°-276°.  This  is  about  the  melting- 
point  of  inactive  leucine,  from  which  the  new  modification  differs  by  its 
greater  solubility  in  water,  in  being  feebly  Isevo-rotatory,  and  in  being  com- 
pletely destroyed  by  Penicillium  glaucum. 
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When  fused  with  caustic  alkali,  leucine  yields  normal  valeric 
acid,  C5H1002,  ammonia,  hydrogen,  and  carbon  dioxide.  When 
heated  with  fuming  hydriodic  acid  to  140°  it  yields  caproic 
acid  and  ammonia,  C6H13N02  +  H2  =  C6H1202  +  NH3.  Nitrous 
acid  decomposes  leucine  into  nitrogen  and  hydroxycaproic 
orleucic  acid,  C5H10(OH).CO.OH. 

When  leucine  is  heated  with  nitric  acid  on  platinum  foil,  a 
colourless  residue  is  left,  which  becomes  yellow  on  addition  of  a 
drop  of  caustic  soda  ;  and  on  careful  evaporation  this  forms  an  oily 
drop  which  does  not  wet  the  platinum.  This  reaction  was  observed 
byScherer  (Jahresber.,  1857,  541),  and  is  said  to  be  characteristic. 

When  heated  for  some  time  with  excess  of  nitric  acid,  leucine  is 
entirely  converted  into  gaseous  products;  but  as  long  as  the 
decomposition  is  incomplete  the  remaining  portion  consists  of 
nitrate  of  leucine. 

Heated  with  strong  sulphuric  acid,  leucine  is  decomposed,  the 
whole  of  the  nitrogen  being  converted  into  ammonia.  By  potassium 
permanganate  it  is  converted  into  valeric  acid,  oxalic  acid,  and 
ammonia.  The  two  preceding  reactions  have  a  practical  interest 
in  connection  with  Kjeldahl's  process  of  determining  nitrogen 
in  albuminoid  matters. 

An  aqueous  solution  of  leucine  emits  an  offensive  odour,  and 
soon  becomes  acid.  The  change  does  not  occur  in  a  vacuum. 

An  aqueous  solution  of  leucine  is  coloured  deep  red  by  ferric 
chloride. 

Leucine  is  neutral  in  reaction,  but  in  its  capacity  of  an  amido- 
acid  forms  crystallisable  compounds  both  with  acids  and  bases, 
and  also  unites  with  neutral  salts  in  a  manner  similar  to  glycocine 
(page  209). 

B,HC1  forms  crystalline  scales,  very  soluble  in  water.  B2,H2PtCl6 
forms  yellow  crystalline  grains,  soluble  in  water,  but  insoluble  in 
alcohol.  B,EGSr03  forms  colourless  needles,  very  readily  soluble  in 
water. 

Copper  amido-caproate,  Cu(C6H12N02)2,  is  obtained  by  adding 
recently  precipitated  cupric  hydroxide  to  *  a  strong  aqueous  solu- 
tion of  leucine,  and  boiling  the  liquid.  A  bluish  solution  results, 
which  on  cooling  deposits  light  blue  scales,  which  require  3045 
parts  of  cold  or  1460  parts  of  boiling  water  for  solution.  This 
reaction  may  be  employed  for  the  isolation  of  leucine,  but  the 
solubility  of  the  copper  compound  is  materially  increased  by  the 
presence  of  certain  organic  matters.  With  excess  of  copper  oxide, 
leucine  forms  an  insoluble  compound.  Pb(C6H12N02)2  +  H20  is 
deposited  in  mirror-like  plates  or  nacreous  scales,  on  cautiously 
adding  ammonia  to  a  boiling  solution  of  leucine  to  which  lead 
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acetate  has  been  added.  Mercurous  nitrate  is  said  to  precipitate 
leucine  in  white  flocks,  the  supernatant  liquor  acquiring  a  red 
colour  if  tyrosine  be  present. 

Tyrosine.     Para-hydroxyphenyl-a-amidopropionic  Acid. 

2).COOH 


Tyrosine  occurs  ready-formed,  and  almost  always  accompanied  by 
leucine,  in  both  the  animal  and  vegetable  organisms.1  It  is  like- 
wise produced,  together  with  leucine,  by  the  putrefactive  decom- 
position of  proteids,  or  by  their  treatment  with  alkalies  or  acids, 
and  has  also  been  obtained  synthetically. 

The  proportions  of  tyrosine  and  leucine  yielded  on  boiling 
certain  animal  matters  with  diluted  sulphuric  acid  are  given  on 
page  212. 

A  method  of  preparing  tyrosine  is  described  on  page  211. 
Another  plan  is  to  gradually  add  dry  casein,  fibrin,  or  albumin 
(free  from  fat)  to  an  equal  weight  of  fused  or  highly  concentrated 
solution  of  caustic  potash  contained  in  a  capacious  iron  vessel.  The 
heating,  which  is  accompanied  by  an  evolution  of  ammonia  and 
most  disagreeable  odour,  is  continued  until  evolution  of  hydrogen 
commences,  and  the  fused  mass  changes  in  colour  from  brown  to 
yellow.  The  product  is  then  poured  out,  dissolved  in  hot  water, 
and  the  solution  slightly  acidulated  with  acetic  acid.  On  cooling, 
an  abundant  crop  of  crystals  of  tyrosine  separates  in  concentric 
groups  of  needles,2  which  may  be  purified  by  re-solution  in  hot 
water  containing  potassium  carbonate  and  precipitation  with  acetic 
acid. 

For  the  further  purification  of  tyrosine,  it  should  be  dissolved 
in  a  known  quantity  of  hydrochloric  acid,  the  solution  treated 
with  animal  charcoal,  and  filtered.  The  hot  filtrate  is  treated 
with  sodium  or  potassium  acetate  in  amount  equivalent  to  the 
hydrochloric  acid  used,  when  the  greater  part  of  the  tyrosine 
separates  on  cooling.  A  product  much  freer  from  inorganic  matter 
is  obtainable  in  this  way  than  when  crystallisation  is  effected  in  a 
neutral  solution.  The  tyrosine  should  be  recrystallised  from  hot 
water  containing  acetic  acid.  For  the  removal  of  an  obstinately 
adhering  sulphuretted  impurity,  Stadeler  adds  to  the  warm 
aqueous  solution  a  small  quantity  of  basic  lead  acetate,  treats  the 

1  Tyrosine  is  said  to  occur  with  leucine  in  spiders,  caterpillars,  and  moths; 
but  not  in  butterflies,  which  contain  leucine  only.     It  occurs  in  the  cochineal 
insect,  and  in  the  pancreas  and  other  organs  of  mammals. 

2  Leucine  may  be  obtained  by  concentrating  the  mother-liquor. 
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filtered  liquid  with  sulphuretted  hydrogen,  and  recovers  the 
tyrosine  by  concentrating  the  nitrate  to  the  crystallising  point. 

Tyrosine  is  deposited  from  its  hot  aqueous  solution  in  stellate 
groups  of  long,  slender,  silky  needles,  which  on  drying  readily 
become  felted  together  to  a  snow-white  mass.  From  ammoniacal 
solutions  it  is  deposited  in  larger  needles,  also  having  a  silky 
lustre  (fig.  4). 

Tyrosine  is  tasteless,  odourless,  and  infusible.  When  heated, 
it  evolves  an  odour  of  burnt  bones.  Heated  cautiously  to  270°,  it 
gives  off  carbon  dioxide,  and  yields  a  white  sublimate  of  hydroxy- 
ethyl-  aniline,  C2H4(OH).NH.C6H5. 

Tyrosine   is   soluble  in    2400   parts   of  cold   or    150  parts   of 


Fig.  4.— TYROSINE.    a,  single  crystals ;  b  6,  smaller  and  larger  groups. 

boiling  water.  In  hot  ammonia  and  in  acetic  acid  it  dissolves 
unchanged,  and  is  deposited  on  cooling.  It  requires  13,500  parts 
of  cold  rectified  spirit  for  solution,  is  not  much  more  soluble  on 
boiling,  and  is  quite  insoluble  in  absolute  alcohol  and  in  ether. 
Its  solubility  in  alcohol  is  greatly  increased  by  the  presence  of 
amorphous  extractive  matters. 

Tyrosine  is  Isevo-rotatory.  The  value  of  [a]D  in  solution  in 
fuming  hydrochloric  acid  is  —7 '98°;  in  solution  in  12  per  cent, 
caustic  potash,  —  9'0°. 

When  fused  with  caustic  potash,  tyrosine  yields  ammonia,  acetic 
acid,  and  para-hydroxybenzoic  acid,  C6H4(OH).COOH. 
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When  treated  with  strong  nitric  acid,  tyrosine  is  converted  into 
nitrotyrosine  nitrate,  from  the  solution  of  which  ammonia  precipi- 
tates free  nitrotyrosine,  C9H10(N02)N03,  which  crystallises 
from  hot  water  in  light  yellow,  very  sparingly  soluble  needles, 
having  a  slightly  bitter  but  not  acid  taste,  and  dissolving  in  caustic 
alkalies  with  deep  red  colour.  Dinitrotyrosine,  C9H9(N  02)2N03, 
is  obtained  by  evaporating  tyrosine  with  excess  of  nitric  acid. 
It  is  a  well-defined  dibasic  acid,  forming  golden-yellow  plates, 
sparingly  soluble  in  water,  but  readily  in  alcohol,  having  an  acid 
but  not  bitter  taste.  The  salts  deflagrate  on  heating. 

If  Millon's  reagent  be  added  to  a  boiling  aqueous  solution  of 
tyrosine,  the  liquid  acquires  a  pink  or  rose-red  colour,  and  red 
flakes  are  gradually  precipitated. 

When  tyrosine  is  gently  warmed  with  strong  sulphuric  acid,  it 
dissolves  with  transient  red  coloration  to  form  tyrosine-sul- 
phonic  acid,  C9H10(S03H)X03+2H20.  On  diluting  the  solu- 
tion after  a  time  with  water,  boiling  with  barium  carbonate  or 
chalk,  and  gradually  adding  neutral  ferric  chloride  to  the  neutral 
filtrate,  a  fine  dark  violet  coloration  is  produced.  This  reaction, 
which  is  due  to  Piria,  affords  a  very  delicate  test  for  tyrosine. 
Unfortunately,  leucine  somewhat  interferes. 

Asparagine.     Amidosuccinamic  Acid. 


Asparagine  was  discovered  in  1805  in  the  juice  of  asparagus. 
It  exists  ready-formed  in  many  other  plants,  including  marsh- 
mallow,  comfrey,  chestnuts,  potatoes,  the  leaves  of  the  deadly  night- 
shade, liquorice-root,  dahlia  tubers,  and  is  present  in  comparatively 
large  quantity  in  the  roots  of  Robinia  pseudacada.  Asparagine  is 
also  found  in  the  milky  juice  of  the  lettuce,  and  in  the  young 
shoots  of  vetches,  beans,  peas,  and  other  leguminous  plants,  though 
the  seeds  of  these  contain  no  trace  of  asparagine.  The  quantity 
of  asparagine  diminishes  with  the  progress  of  the  growth  of  the 
plant,  and  disappears  entirely  when  the  seeds  are  formed. 
Boussingault  finds  asparagine  to  be  constantly  present  in  plants 
grown  in  the  dark. 

Asparagine  may  be  prepared  by  dialysing  the  juice  of  asparagus, 
marsh-mallow,  or  Scorzonera  Hispanica,  concentrating  the  dialys- 
ate  to  a  syrup,  and  allowing  it  to  stand  for  some  days,  when  the 
asparagine  will  separate  in  crystals.  From  liquorice,  asparagine 
may  be  prepared  by  exhausting  the  root  with  water,  boiling  to 
coagulate  albumin,  treating  the  filtrate  with  acetic  acid  to  preci- 
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pitate  glycyrrliizic  acid,  and  adding  lead  acetate  to  the  filtered 
liquid,  to  throw  down  phosphates,  malates,  colouring  matter,  &c. 
The  filtrate,  when  evaporated  to  a  small  bulk,  deposits  crystals  of 
asparagine  after  standing  for  some  days.  Asparagine  may  also  be 
isolated  by  treating  the  filtrate  from  the  lead  precipitate  with 
mercuric  nitrate,  and  decomposing  the  resultant  compound  with 
sulphuretted  hydrogen.  This  plan  is  especially  useful  in  the 
presence  of  soluble  carbohydrates,  which  prevent  the  crystalli- 
sation of  the  asparagine. 

Asparagine  forms  hard,  transparent,  rhombic  prisms,  which  have 
a  specific  gravity  of  1*519.  The  crystals  belong  to  the  trimetric 
system,  and  exhibit  left-handed  hemihedry.  They  contain  one 
molecule  of  water  which  is  lost  at  100°  C.  The  crystals  grate 
between  the  teeth,  and  have  a  slightly  cooling,  sickly  taste. 

Asparagine  is  moderately  soluble  in  cold  water  (1 :  82  at  10°  C.  ; 
1  :  47  at  20°),  'but  much  more  readily  on  boiling  (1  rl'9).1  It 
dissolves  freely  in  acid  and  alkaline  liquids.  It  is  insoluble  in 
cold  absolute  alcohol,  and  almost  insoluble  on  boiling,  and  is  not 
dissolved  by  ether,  or  by  fixed  or  volatile  oils. 

Asparagine  is  optically  active,  but  the  extent  and  direction  of 
the  rotation  depend  on  the  solvent.  Thus  a  solution  of  asparagine 
in  water  has  a  specific  rotation  of  about  —  6° ;  but  by  addition  of 
alkalies  the  activitjr  is  increased,  in  ammoniacal  solution  the  rota- 
tion being  —11°.  In  hydrochloric  acid  solution,  on  the  other 
hand,  asparagine  exhibits  a  dextro-rotation  of  about  +36°. 
Addition  of  a  small  quantity  of  acetic  acid  to  the  aqueous  solution 
of  asparagine  decreases  the  Isevo-rotation,  and  on  further  addition 
of  acid  the  liquid  becomes  dextro-rotatory.2 

The  aqueous  solution  of  asparagine  is  stated  to  have  a  faintly 
acid  reaction  to  litmus.  When  quite  pure  it  can  be  kept  without 
change,  but  in  presence  of  albuminous  matter  or  other  impurity, 
the  solution  soon  ferments,  the  asparagine  being  completely  con- 
verted into  ammonium  succinate: — 

C4H403(NH2)2  •+  H20  +  H2  =  C4H404(NH4)2 . 

1  The  solubility  of  asparagine  in  cold  water  is  given  very  variously,  the 
statements  ranging  from  1  in  12  to  1  in  300. 

2Piutti  (Comp.  rend.,  cm.  134;  Ber.,  xix.  1691)  obtained  from  6500 
kilogrammes  of  the  shoots  of  the  vetch  about  20  kilogrammes  of  crude  aspara- 
gine, from  which,  he  isolated  100  grammes  of  a  dextro-asparagine,  having  a 
very  sweet  taste  and  exhibiting  in  aqueous  solution  a  efcatfro-rotation  of  +5*5°. 
The  compounds  possessed  a  reverse  rotation,  but  were  otherwise  exactly 
similar  to  those  yielded  by  Isevo-asparagine.  Both  modifications  gave  the 
same  inactive  aspartic  acid  when  heated  under  pressure  with  hydrochloric 
acid. 


220  REACTIONS   OF  ASPARAGINE. 

A  similar  change  results  when  asparagine  is  taken  internally, 
the  urine  after  asparagus  has  been  eaten  acquiring  a  peculiar  odour 
and  containing  ammonium  succinate. 

Asparagine  exhibits  both  an  acid  and  a  basic  function.  The 
hydrochloride,  C4H8N203HC1,  forms  large,  readily  soluble  crystals. 
Cu(C4H7N203)2,  is  obtained  by  treating  a  solution  of  asparagine 
with  cupric  hydroxide  or  cupric  acetate.  It  resembles  the  corre- 
sponding compound  of  glycocine  (page  209). 

Asparagine  reduces  Fehling's  solution  on  boiling,  which  reaction 
distinguishes  it  from  glutamine. 

When  asparagine  is  dissolved  in  cold  nitric  acid  (free  from 
nitrous  acid)  it  is  converted  into  aspartic  acid  and  ammonium 
nitrate  ;  but  if  nitrous  acid  be  present,  or  if  nitric  oxide  or  nitrous 
fumes  be  passed  into  the  solution,  the  aspartic  acid  is  converted 
into  malic  acid,  with  evolution  of  nitrogen,  the  reaction  being, 
accordin  to  Sachsse  and  Kormann  :  — 


3  -f  2HN02  =  C4H605  +  2H2 

The  most  characteristic  reaction  of  asparagine  is  its  conversion 
into  aspartic  acid  and  ammonia  by  treatment  with  alkalies  or 
mineral  acids.  The  change  readily  occurs  when  asparagine  is  boiled 
with  water  and  lime,  baryta,  or  litharge;  or  with  dilute  hydro- 
chloric or  sulphuric  acid  :  — 

C4H8N208  +  H20  =  C4H7N04  +  NHS  . 

The  reaction  might  possibly  be  made  quantitative,  but  B. 
Schulze  has  shown  that  there  is  a  tendency  to  further  decom- 
position if  the  action  be  too  prolonged.  Boiled  with  water  alone 
at  the  atmospheric  pressure  for  twelve  hours,  only  2  per  cent,  of 
the  asparagine  was  converted  into  ammonium  aspartate.  Under 
higher  pressure  the  conversion  was  much  greater.  Milk  of  lime  had 
no  action  in  the  cold  after  twenty-four  hours,  but  on  boiling  with 
lime  or  baryta  the  action  was  much  more  rapid.  When  a  large  excess 
of  baryta  was  used,  the  conversion  was  complete  in  one  hour,  but 
on  continuing  the  treatment  some  hours  more  a  further  elimination 
of  ammonia  occurred,  with  formation  of  malic  acid.  Boiling  with 
water  containing  one-tenth  of  its  measure  of  strong  hydrochloric 
acid  effected  complete  conversion  in  one  hour,  action  on  the  aspartic 
acid  occurring  if  the  treatment  were  further  prolonged.  Schulze 
also  obtained  good  results  by  treating  2  grammes  of  asparagine 
with  5  c.c.  (  =  8'79  grammes)  of  pure  sulphuric  acid  and  100  c.c. 
of  water,  and  boiling  under  a  reflux  condenser  for  two  hours. 
The  cooled  liquid  was  nearly  neutralised  with  soda  and  distilled 
with  magnesia.  The  ammonia  found  in  the  distillate  was  fairly 
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in  accordance  with  theory.  With  a  smaller  quantity  of  acid, 
the  results  were  less  accurate,  and  the  boiling  had  to  be 
prolonged. 

A  method  of  determining  asparagine  in  plant-products  has  been 
based  on  this  reaction  by  R.  Sachsse  (Jour,  pract.  Chem.,  [2], 
vi.  118);  but  for  this  purpose  it  is  necessary  previously  to  get  rid 
of  various  co-occurring  matters.  Sachsse  boils  10  grammes  of  the 
powdered  substance  for  fifteen  minutes  with  200  c.c.  of  a  mix- 
ture of  equal  volumes  of  alcohol  and  water,  under  a  reflux  con- 
denser. 5  c.c.  of  a  cold  saturated  solution  of  mercuric  chloride l  in 
alcohol  is  diluted  with  an  equal  measure  of  water  and  added 
to  the  decoction  while  still  hot,  and  the  liquid  filtered,  the 
residue  being  washed  first  with  proof-spirit  and  then  with  cold  water.2 
The  filtrate  is  evaporated  to  dryness,  the  residue  taken  up  in  the 
minimum  quantity  of  hot  water  (not  more  than  50  c.c.),  and 
sulphuretted  hydrogen  passed  through  the  filtered  liquid,  without 
filtering.  The  filtrate  from  the  precipitated  mercuric  sulphide  is 
then  brought  to  a  volume  of  100  c.c.,  10  c.c.  of  hydrochloric  acid 
added,  and  the  liquid  boiled  under  a  reflux  condenser  for  one  hour. 
The  ammonia  formed  is  then  decomposed  by  alkaline  hypobromite 
(Knop's  method)  and  the  evolved  nitrogen  measured  ;3  or  the  liquid 
is  neutralised  by  soda  and  distilled  with  magnesia,  the  ammonia  in 
the  distillate  being  determined  by  titration  with  standard  acid. 
17  parts  of  ammonia  or  14  of  nitrogen  resulting  from  the  treat- 
ment with  hydrochloric  acid  correspond  to  150  parts  of  crystallised 
asparagine  originally  present. 

In  employing  the  above  process,  a  correction  must  be  made  for 
any  ready-formed  ammonia  or  other  substances  evolving  nitrogen 
with  the  hypobromite  reagent  without  treatment  with  hydro- 

1  Schulze  (Ber.,  xv.  2255)  employs  mercuric  nitrate  in  place  of  mercuric 
chloride   for  the  precipitation  of  asparagine,  and   for  its  separation  from 
carbohydrates. 

2  The  washing  may  be  avoided  by  making  up  the  liquid  to  500  c.c.,  passing 
it  through  a  dry  filter,  and  evaporating  400  c.c.  of  the  filtrate  (  =  8  grammes 
of  material). 

3  This  method  of  determining  asparagine  has  been  investigated  in   the 
author's  laboratory  by  A.  R  Tankard.     The  asparagine  was  hydrolysed  by 
heating  with  dilute  hydrochloric  acid  for  an  hour  and  a  half,  in  the  manner 
directed  by  Sachsse,  the  liquid  neutralised,  and  an  aliquot  part  treated  with 
the  hypobromite  reagent  in  the  manner  employed  for  determinations  of  urea. 
It  was  found  that  low  results  were  obtained  in  the  cold,  but  that  if  the 
reaction  were  completed  by  immersing  the  flask  in  boiling  water  for  a  few 
minutes,  the  volume  of  gas,  measured  after  cooling,  and  corrected  for  pres- 
sure,  &c.,  was  about  49  per  cent,  of   the  total  nitrogen,  and  hence   only 
1  per  cent,  less  than  the  theoretical  yield. 
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chloric  acid  (such  as  Sachsse  found  to  exist  in  germinating  peas). 
This  is  done  by  treating  one-half  of  the  filtrate  from  the  mercuric 
sulphide  precipitate  with  the  hypobromite  reagent  direct  (omitting 
the  treatment  with  hydrochloric  acid)  and  deducting  any  nitro- 
gen evolved  from  the  total  amount  before  calculating  it  into 
asparagine. 

The  asparagine  determined  as  above  will  include  any  glutamine 
which  may  be  present,  and  the  hypobromite  reagent  also  evolves 
nitrogen  from  certain  other  organic  bodies,  such  as  leucine, 
caffeine,  &c.  Estimations  of  asparagine  by  Sachsse's  method  in 
young  lupines  were  found  by  Schulze  and  Barbieri  to  agree 
very  nearly  with  the  quantity  obtained  by  crystallisation.  Amido- 
compounds  generally  are,  in  their  opinion,  estimated  with  more 
certainty  by  the  method  of  Sachsse  and  Kormann  (Zeits.  anal. 
Chem.,  xiv.  380),  in  which  the  asparagine,  &c.,  is  first  decomposed 
by  boiling  with  dilute  acid,  and  the  resultant  amido-acids,  after 
removal  of  ammonium  salts,  treated  with  potassium  nitrite  and 
dilute  sulphuric  acid,  the  evolved  nitrogen  being  measured.  By 
this  treatment  all  known  amido-compounds  are  decomposed. 
Albuminoids  and  peptones  must  be  removed  before  the  amido- 
compounds  can  be  determined.  The  following  are  the  proportions 
of  nitrogen  in  different  forms  found  by  Schulze  and  Barbieri  in 
certain  plant-products.  The  peptone-nitrogen,  B,  is  that  thrown 
down  by  phospho-tungstic  acid  in  the  filtrate  from  the  albuminoids. 
D  is  the  difference  between  the  total  nitrogen  and  that  existing  in 
the  A,  B,  and  C  forms. 


Substance. 

Albuminoid 
Nitrogen. 
A. 

Peptone 
Nitrogen. 
B. 

Amido- 
Nitrogen. 

Unknown 
Forms. 
D. 

Total 
Nitrogen. 
E.' 

Lupine  seeds, 

Per  cent. 
8-17 

Per  cent. 
0-24 

Per  cent. 

Per  cent. 

Per  cent. 
8-63 

Soja  beans,  . 

6-32 

013 

... 

6-73 

11-12  days  old  sprouts  \ 
of  lupine,    .        .        / 

3-40 

1-60 

... 

... 

10-64 

12  days  old  sprouts  of  \ 
lupine,      .        .        j" 

2-33 

2-17 

5-59 

0-42 

10-51 

15  days  old  sprouts  of  \ 
Soja  beans,       .       / 

3-86 

0-56 

2-47 

0-53 

7-42 

Birch  leaves, 

3-11 

0-15 

0-66 

0-40 

4-32 

Young  grass, 

1-55 

0-21 

0-22 

0-20 

2-22 

C.  Bbhmer  (Landw.  Versuchs. — Stat.,  xxviii.  247  ;  abst.  Jour. 
Chem.  Soc.,  1883,  237)  has  given  the  following  data  respecting 
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the  mode  of  occurrence  of  nitrogen  in  various  vegetables,  which 
were  cut  when  n't  for  use.  The  figures  are  percentages,  and  refer 
to  the  moisture-free  substances.  The  water  ranged  from  4 '3  in  the 
truffles  to  96  per  cent,  in  the  asparagus. 


Vegetable. 

Nas 
Albds. 

Nas 
Amido-acid 
Amide. 

Nas 
Amido- 
Acid. 

Nas 
Ammonia. 

Total 
Nitrogen. 

Spinach, 

3-51 

0123 

0-068 

0-021 

4-56 

Peas,    .... 

3-56 

0-052 

0-361 

0-020 

4-69 

Beans,  .... 

4-39 

0-027 

0-059 

0-013 

5-57 

Asparagus,  . 

3-33 

... 

? 

4-13 

Lettuce,       .        .        .           2'97 

0-155 

0-154 

0-024 

4-85 

Carrot,         ...           1'57 

0-013 

0-142 

0-006 

1-91 

Turnip-cabbage, 

2-05 

0-151 

0-231 

0-018 

4-64 

Cauliflower, 

2-60 

0-104 

0-566 

0-017 

5-11 

French  beans,      . 

2-67 

0-061 

0-442 

o-oio 

4-32 

Mushrooms, 

3-34 

0-092 

0-416 

0-011 

4-68 

Truffles,       . 

3-63 

0-072 

0-202 

0-008 

4-50 

In  the  foregoing  analyses,  the  ammonia  was  determined  by  milk 
of  lime,  in  the  manner  recommended  by  Schloesing  and  modified 
by  Schulze  and  Emmerling,  and  weighed  as  chloroplatinate.  To 
determine  the  ami  do-acids  and  acid  amides,  the  albuminoids  were 
precipitated  by  Stiitzer's  method  with  cupric  hydroxide,  and  the 
filtrate  concentrated  and  divided  into  three  parts.  One  of  these 
was  treated  at  once  with  hypobromite ;  the  second  was  boiled  for 
two  hours  with  hydrochloric  acid,  neutralised,  and  treated  with 
hypobromite.  The  difference  between  the  volumes  of  nitrogen 
evolved  in  the  first  and  second  experiments  represents  the  nitrogen 
evolved  from  ammonia  produced  by  the  hydrolysis  of  the  aspara- 
gine  and  glutamine.  The  third  portion  was  boiled  first  with 
hydrochloric  acid,  and  next  with  caustic  alkali  to  volatilise  the 
ammonia.  It  was  then  treated  with  nitrous  acid  for  the  estimation 
of  the  aspartic  and  other  amido-acids,  the  nitric  oxide,  &c.,  evolved 
with  the  nitrogen  being  absorbed  by  a  strong  solution  of  per- 
manganate. 

For  the  isolation  of  asparagine  and  glutamine  from  vegetable 
juices  and  extracts,  E.  Schulze  (Zeits.  Anal.  Chem.,  xxii.  325) 
precipitates  the  liquid  with  basic  lead  acetate.  The  filtered  solu- 
tion is  then  treated  with  a  neutral  solution  of  mercuric  nitrate 
(best  made  by  adding  caustic  soda  to  an  acid  solution  until  it  no 
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longer  reddens  methyl-orange).  The  white  flocculent  precipitate 
is  filtered  off,  washed  with  cold  water,  and  decomposed  by  sul- 
phuretted hydrogen.  The  filtered  liquid,  boiled  to  free  it  from 
sulphuretted  hydrogen,  will,  if  asparagine  or  glutamine  be  present, 
evolve  ammonia  when  boiled  with  caustic  alkali,  and  will  dissolve 
cupric  hydroxide  to  a  deep  blue  solution.  Allantoin  is  also 
precipitated  by  mercuric  nitrate,  but  does  not  dissolve  cupric 
hydroxide,  and  is  precipitated  on  adding  silver  nitrate  and 
ammonia.  Xanthine,  if  present,  will  also  be  thrown  down  by 
the  mercury.  For  the  actual  isolation  of  the  amides,  the  filtrate 
from  the  mercuric  sulphide  precipitate  should  be  neutralised  with 
ammonia  and  evaporated  to  a  small  bulk,  when  asparagine  and 
glutamine  will  be  deposited  in  crystals  on  cooling.  Or  the 
original  plant-juice,  after  boiling  and  filtering  from  coagulated 
albumin,  may  be  acidulated  with  sulphuric  acid,  and  the  peptones 
and  ammonia  precipitated  by  phospho-tungstic  acid.  After  stand- 
ing two  hours,  the  precipitate  is  filtered  off,  and  the  asparagine 
and  glutamine  estimated  in  the  filtrate  by  boiling  with  dilute 
hydrochloric  acid,  and  determining  the  ammonia  formed  by  distil- 
lation with  magnesia  or  treatment  with  alkaline  hypobromite 
(page  221). 

Other  amido-compounds  occur  in  plants,  and  are  more  or  less 
liable  to  be  estimated  as  asparagine  unless  special  means  are 
taken  to  separate  them.  E.  Schulze,  to  whom  the  existing 
knowledge  on  the  subject  is  largely  due,  finds  the  exact  nature 
of  the  amido-compounds  to  vary  with  the  plant  under  examina- 
tion, and  its  age  and  conditions  of  life.  In  the  Caryophyllacece 
and  Filices  asparagine  is  entirely  replaced  by  its  homologue 
glutamine.1 

ASPARTIC  ACID,  C2H3(NH2)(COOH)2,  has  the  constitution  of  an 
amidosuccinic  acid.  It  occurs  in  beetroot  molasses,  doubt- 
less as  a  product  of  the  decomposition  of  asparagine,  in  spent  wine- 

1  In  Lupinus  luteus,  Schulze  found  asparagine,  phenylalanine,  amido- 
valeric  acid,  arginine,  choline,  and  xanthine-like  substances  ;  in  Cucurbita 
pepo,  glutamine,  asparagine,  leucine,  tyrosine,  arginine,  choline,  vernine,  and 
xanthine-like  substances;  in  Vicia  sativa,  asparagine,  phenylalanine,  leucine, 
amidovaleric  acid,  guanidine,  choline,  and  betaine.  This  does  not  indicate 
that  in  plant-metabolism  the  proteid  molecule  breaks  down  in  different  ways, 
it  being  contended  that  the  disintegrative  metabolism  of  proteid  is  quali- 
tatively the  same,  but  varies  quantitatively.  This  view  is  supported  by  experi- 
ments on  plants  of  the  same  kind,  but  of  different  ages.  Schulze  suggests 
that  in  some  plants  certain  varieties  of  nitrogenous  crystalline  compounds  are 
used  more  in  nourishing  the  tissues,  whilst  in  other  plants  other  compounds 
are  more  advantageous,  and  so  are  used  up  first. 
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lees  or  vinasse,  and  in  other  vegetable  juices.1  It  is  also  formed 
by  boiling  albumin  or  casein  with  dilute  sulphuric  acid,  by  the 
action  of  stannous  chloride  on  horn,  by  treating  proteids  with 
bromine,  &c. 

Aspartic  acid  is  best  prepared  by  the  hydrolysis  of  asparagine. 
H.  Schiff  (Ber.,  xvii.  2929)  recommends  that  100  grammes  of 
asparagine  should  be  boiled  for  two  or  three  hours  under  a  reflux 
condenser  with  408  c.c.  of  hydrochloric  acid,  containing  48'65 
grammes  of  real  HC1  ;  that  is,  sufficient  for  the  reaction  : — 
C4H8N203,H20  +  2HC1  =  C4H7N04,HC1  +  JSTH4C1. 

To  the  cooled  solution  is  added  about  200  c.c.  of  ammonia,  con- 
taining an  amount  of  real  NH3  sufficient  to  neutralise  just  one-half 
the  acid  previously  employed.  (The  other  half  has  been  neutral- 
ised by  the  ammonia  formed  in  the  hydrolysis.)  On  cooling  the 
liquid  and  allowing  it  to  stand,  aspartic  acid  separates  in  colourless 
crystals. 

Aspartic  acid  forms  small  rectangular  plates,  having  a  specific 
gravity  of  1'66.  It  dissolves  in  about  360  parts  of  cold  water,  or 
in  1 9  of  boiling  water,  and  hence  is  much  less  soluble  than  aspara- 
gine. In  alcohol  it  is  nearly  insoluble.  The  solutions  of  aspartic 
acid  in  alkalies  are  laevo-rotatory,  while  those  in  hydrochloric  acid 
exhibit  a  dextro-rotation  (aD  =  -f-28°).2 

Aspartic  acid  forms  a  series  of  crystallisable  salts  with  bases. 
The  cupric  salt,  Cu,C4H5N04,4j  aqua,  forms  blue  needles,  soluble 
in  hot  water,  but  very  sparingly  soluble  in  cold  water  (1  :  2800). 
This  fact  may  be  employed  for  the  detection  and  isolation  of  aspartic 
acid,  solutions  of  which  may  be  precipitated  by  cupric  acetate 
(see  Lewinsky,  Cliem.  Centralb.,  1894,  i.  53). 

1  For  the  isolation  of  aspartic  acid,  the  boiling  liquid  containing  it  should 
be  treated  with  carbonate  of  barium  or  lead,  and  alcohol  added  as  long  as 
further  precipitation  occurs.     The  precipitate  is  treated  with  water,  and  the 
barium  or  lead  aspartate  reprecipitated  by  addition  of  alcohol.     The  precipi- 
tate is  again  dissolved  in  water,  the  barium  or  lead  precipitated  with  dilute 
sulphuric  acid,  and  the  filtered  liquid  evaporated  to  the  crystallising  point. 
The  crystals  are  purified  by  treatment  with  60  per  cent,  spirit,  and  the 
residue    boiled  with  water,  when    pure    aspartic  acid    crystallises   out  on 
cooling. 

2  Several  optically  inactive  modifications  of  aspartic  acid  have  been  produced 
by  synthetical  means.     By  heating  an  aqueous  solution  of  the  hydrochloride 
of  the  active  acid  to  170°-180°  for  some  hours,  an  inactive  acid  is  formed 
which  is  identical  with  that  obtained  from  the  ammonium  salts  of  malic, 
maleic,  or  fumaric  acid.     A  laevo-rotatory  aspartic  acid  has  been  prepared 
from  dextro-asparagine  by  treatment  with  hydrochloric  acid.     Its  properties 
are  the  same  as  those  of  ordinary  aspartic  acid,  with  which  it  combines  to 
form  an  inactive  acid  (see  Comp.  rend.,  cvi.  1734). 
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Aspartic  acid  reduces  Fehling's  solution. 

Aspartic  acid  is  not  decomposed  by  alkaline  hypobromite  solu- 
tion, but  by  treatment  with  nitrous  acid  it  is  converted  into  malic 
acid  with  evolution  of  nitrogen  :  — 

C4H7N04  +  HIST02  =  C4H605  +  H20  +  N2. 

This  reaction  is  employed  by  Sachsse  and  Kormann  for  the 
determination  of  aspartic  acid,  and,  indirectly,  of  asparagine.  In 
practice,  sodium  nitrite  and  dilute  sulphuric  acid  are  substituted 
for  nitrous  acid.  Millon's  reagent  would  probably  be  preferable. 

F.  Meunier  (Ann.  Agronomiques,  vi.  275  ;  Jour.  Chem.  Soc., 
xl.  761)  finds  that  the  determination  of  asparagine  by  measurement 
of  the  nitrogen  evolved  by  the  action  of  nitrous  acid  is  inaccurate. 
He  has  devised  the  following  process,  which  depends  upon  the 
production  of  potassium  aspartate  and  ammonia,  when  asparagine 
is  treated  with  potassium  hydroxide.  The  crushed,  dried,  and 
weighed  substance  is  placed  in  a  little  bag  with  meshes  small 
enough  to  retain  the  starch.  This  is  placed  in  a  porcelain  dish, 
exhausted  with  boiling  water,  the  filtered  solution  is  heated  with 
subacetate  of  lead  to  precipitate  albuminoids  and  leucine,  and  the 
excess  of  lead  is  removed  from  the  filtrate  by  sodium  hydrogen 
carbonate.  The  filtrate  from  the  lead  carbonate  is  distilled  with 
caustic  alkali,  and  the  ammonia  in  the  distillate  titrated  with 
standard  acid.  When  ammonium  salts  are  present,  they  must  be 
separately  estimated. 


Glutamine.     Amido-glutaminic  Acid. 
C6H10N203;  «,  C3H6(NH2){ 


Glutamine  is  the  higher  homologue  of  asparagine,  and  co-occurs 
with  it  in  beetroot,  pumpkins,  and  the  shoots  of  vetch.  In  the 
families  Caryophyllacece  and  Filices  glutamine  completely  replaces 
asparagine.  Glutamine  is  also  a  product  of  the  action  of  dilute 
acids  or  baryta  on  proteids. 

Glutamine  forms  slender  anhydrous  needles,  soluble  in  25  parts 
of  cold  water,  and  much  more  readily  at  the  boiling-point.  It  is 
insoluble  in  absolute  alcohol.  The  aqueous  solution  (4  grammes 
per  100  c.c.)  is  optically  inactive,  but  the  solutions  in  hydro- 
chloric and  oxalic  acids  are  dextro-rotatory. 

When  heated  with  alkalies  or  dilute  mineral  acids,  glutamine 
yields  ammonia  and  glutamic  acid,  a  body  homologous  with 
aspartic  acid  (page  224). 

Glutamine  does  not  reduce  Fehling's  solution,  but  dissolves 
cupric  hydroxide  to  a  deep  blue  solution,  a  crystallisable  compound 
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being  formed  analogous  to  that  yielded  by  glycocine  (page  209). 
Glutamine  forms  an  insoluble  compound  with  mercuric  nitrate, 
a  fact  utilised  by  Schulze  and  Bosshard  to  isolate  it  from 
the  juice  of  beetroot  (Ber.,  xvi.  312;  xviii.  290).  (See  page 
224.)  Glutamine,  asparagine,  and  other  amido-compounds  are  not 
precipitated  by  an  acid  solution  of  phospho-tungstic  acid. 

GLUTAMIC  ACID,  C3H5(NH2)(COOH)2,  is  the  higher  homologue 
of  aspartic  acid,  bearing  the  same  relation  to  normal  pyrotartaric 
acid  that  aspartic  acid  bears  to  succinic  acid.  Glutamic  acid  has 
been  isolated  from  molasses  after  the  sugar  has  been  removed  by 
the  strontia  process,  and  is  formed,  together  with  aspartic  acid,  by 
boiling  vegetable  proteids  (e.g.,  conglutin,  maize-fibrin)  with  dilute 
sulphuric  acid. 

Glutamic  acid  forms  trimetric  tetrahedra,  melting  at  202°.  It 
dissolves  in  about  100  parts  of  cold  water,  and  is  less  soluble  in 
spirit  (1  :  500).  The  solutions  are  acid,  and  have  an  astringent 
taste.  The  aqueous  solution  of  glutamic  acid  and  of  its  hydro- 
chloride  are  dextro-rotatory,  but  its  salts  with  bases  are  Isevo-rotatory. 
Glutamic  acid  differs  from  aspartic  acid  in  yielding  no  precipitate 
with  lead  acetate  even  after  the  addition  of  ammonia  ;  but  the  lead 
salt  may  be  precipitated  by  adding  alcohol  to  the  concentrated 
nitrate  from  any  precipitate  produced  by  basic  lead  acetate. 
Glutamic  acid  is  also  distinguished  from  aspartic  acid  by  not 
reducing  Fehling's  copper  solution  on  heating.  It  forms  a 
characteristic  copper  salt  which  is  very  sparingly  soluble  in 
cold  water.  This  fact  may  be  used  for  the  isolation  of  glutamic 
acid. 


Cystin.     Dithio-diamido-lactic  Acid. 


NH2 
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COOH  COOH  J 

Cystin  is  the  leading  constituent  of  rarely-occurring  urinary  and 
renal  calculi.  It  is  also  met  with  as  a  sediment  from  urine.  It 
may  be  prepared  from  such  sediment,  or  preferably  from  the  calculus 
when  obtainable,  by  treating  the  substance  with  ammonia,  and  allow- 
ing the  filtered  liquid  to  evaporate  spontaneously,  when  the  cystin 
is  deposited  in  characteristic  colourless  or  pale  yellow  hexagonal 
tables  of  sharp  contour  (fig.  5),  which  are  often  superposed. 

Cystin  is  colourless,  odourless,  and  tasteless.  When  heated,  it 
ignites  without  melting,  and  burns  with  a  greenish-blue  flame, 
emitting  a  characteristic  penetrating  odour  resembling  that  of 
hydrocyanic  acid.  Heated  in  a  closed  tube,  cystin  gives  off 
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ammonia  and  yields  a  distillate  of  disagreeable  odour,  leaving  a 
residue  of  carbon. 

Cystin  is  neutral  to  litmus,  and  insoluble  in  water,  alcohol,  and 
ether.  It  is  readily  soluble  in  ammonia  (distinction  from  uric 
acid),  in  fixed  caustic  alkalies  and  alkaline  carbonates,  but  not  in 
ammonium  carbonate.  It  is  precipitated  from  these  solutions  by 
acetic  acid.  Cystin  dissolves  in  mineral  acids  and  in  oxalic  acid, 
but  not  in  tartaric  or  acetic  acid.  The  solution  in  hydrochloric 
acid  containing  11*2  per  cent,  of  HC1  has  a  specific  rotation  of 
[a]D=-206V 

Cystin  forms  unstable  salts  with  acids,  and  is  precipitated  from 
their  solutions  by  ammonium  carbonate. 
The  hydrochloride  unites  with  mercuric 
chloride  to  form  a  crystalline  compound 
which  is  nearly  insoluble  in  water. 
P.  Borissaw  has  attempted  to  utilise 
/%  >^  this  reaction  for  the  determination  of 

cystin    in   urine    (Zeits.   physiol.    CJiem., 

yj    kj         xix.  511). 

Fi    5  —CYSTIN  ^  a  co^  solution  of  cystin  in  ammonia 

be  treated  with  ammonio-nitrate  of  silver, 

and  the  liquid  then  cautiously  neutralised  by  nitric  acid,  a 
canary-yellow  precipitate  is  thrown  down,  but  if  the  solution 
be  heated  silver  sulphide  is  precipitated. 

When  treated  with  granulated  tin  in  hydrochloric  acid  solution, 
cystin  is  reduced  to  amidothiolactic  acid  or  cystein, 
C3H7NS02  :— 

COOH.C2H3(NH2)S  -  S(NH2)C2HS.COOH  +  H2  = 
2[HS(NH2)C2H8.COOH] . 

CYSTEIN  is  a  crystalline  powder,  soluble  in  water,  in  ammonia, 
and  in  acids.  The  aqueous  solution  is  oxidised  to  cystin  on  ex- 
posure to  the  air. 

By  reaction  with  nitrous  acid  cystin  yields  pyruvic  acid, 
CH3.CO.COOH. 

When  heated  with  nitric  acid,  cystin  is  decomposed  with  pro- 
duction of  a  brown  coloration. 

When  boiled  with  caustic  alkalies,  cystin  evolves  ammonia. 
The  solution  then  contains  a  sulphide,  and  hence  gives  a  black 
precipitate  on  addition  of  lead  acetate.  The  sulphur  is  not 
wholly  converted  into  sulphide,  even  after  many  hours  boiling 
with  caustic  alkali. 

1  E.  K  u  1  z  (Ber.,  xv.  1410)  gives  -  142°  as  the  specific  rotation  of  cystin  for 
the  transition-tint  in  ammoniacal  solution. 
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For  the  detection  of  cystin  in  a  calculus,  the  powdered  substance 
should  be  dissolved  in  caustic  alkali,  and  acetic  acid  added  to  the 
hot  solution,  when  cystin,  if  present,  will  separate  on  cooling,  and 
can  be  recognised  by  its  crystalline  form.  Or  the  calculus  may  be 
treated  with  hot  ammonia,  and  the  filtered  liquid  evaporated  to 
the  crystallising  point.  Any  xanthine  will  be  dissolved  out  and 
deposited  with  the  cystin. 

Goldmann  and  Baumann  (Zeits.  pliysiol.  Chem.,  1888, 
254)  contradict  the  statement  of  Stadthagen  that  normal  urine 
contains  little  or  no  cystin,  as  by  the  following  process  they  have 
proved  that  cystin  or  an  allied  substance  is  always  present  in  urine. 
This  method  is  based  on  the  fact  that  when  a  few  drops  of  benzoyl 
chloride  are  added  to  a  solution  of  cystin  in  caustic  soda,  a  volu- 
minous precipitate  of  shining  plates  of  the  sodium  salt  of  benzoyl- 
cystin,  C6H10N2S204Bz2,  is  formed.  This  compound  is  soluble  in 
hot  water,  less  soluble  in  cold,  and  quite  insoluble  when  excess  of 
caustic  soda  is  present.  On  adding  a  strong  acid  to  the  dilute 
solution,  the  liquid  sets  to  a  transparent  jelly,  but  on  warming 
and  standing  free  benzoyl-cystin  separates  in  dense  flocks  which 
can  be  separated  by  filtration.  Benzoyl-cystin  is  a  strong  acid, 
almost  insoluble  in  water,  and  but  slightly  soluble  in  pure  ether, 
but  more  readily  in  ether  containing  alcohol.  In  alcohol  it 
dissolves,  and  crystallises  from  the  solution  in  slender  needles 
which  tend  to  aggregate  in  cauliflower-like  masses.  Benzoyl-cystin 
melts  at  156°-158°.  By  heating  with  strong  hydrochloric  acid, 
it  is  decomposed  into  benzoic  acid  and  cystin.  When  boiled 
with  caustic  soda  and  lead  acetate,  it  yields  black  lead  sulphide, 
but  the  decomposition  is  not  complete  even  after  prolonged 
boiling. 

For  the  isolation  of  cystin  from  urine,  Goldmann  and 
Baumann  recommend  that  200  c.c.  of  the  sample  should  be 
treated  with  10  c.c.  of  benzoyl  chloride  and  70  c.c.  of  caustic  soda 
solution  of  1*12  specific  gravity,  and  the  mixture  shaken  until  the 
benzoyl  chloride  has  dissolved.  The  precipitate  (which  consists 
of  benzoyl  compounds  of  urinary  carbohydrates,  mixed  with  phos- 
phates) is  filtered  off,  and  the  filtrate  rendered  strongly  acid  with 
sulphuric  acid,  and  shaken  with  ether  containing  alcohol.  The 
ethereal  layer  is  separated,  evaporated,  and  the  residue  boiled  for 
one  hour  with  caustic  soda  and  lead  acetate.  The  lead  sulphide 
produced  is  equivalent  to  about  two-thirds  of  the  cystin  isolated • 
the  cystin  represented  being  three-fourths  of  the  actual  weight  of 
PbS  obtained.  From  200  c.c.  of  normal  urine,  Goldmann  and 
Baumann  obtained  0*0025  gramme  of  lead  sulphide,  representing 
0'0009  of  cystin,  for  100  c.c.  of  urine. 
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According  to  J.  L.  W.  Thudichum,  the  colouring  matter 
of  urine,  which  he  calls  urochrome,  is  completely  precipitated 
by  treating  urine  with  benzoyl  chloride  and  soda  as  above  described. 
The  precipitate  is  soluble  in  alcohol,  and  may  be  purified  by  boil- 
ing with  water.  Glucose  and  certain  diamines  (page  334)  occa- 
sionally present  in  urine  are  also  precipitated  by  benzoyl  chloride. 
The  amount  of  cystin  in  the  mixed  benzoyl  compounds  might  be 
deduced  from  a  determination  of  the  sulphur. 

Taurin.     Amidoethane-Sulphonic  Acid. 

C2H7JNTS03 ;  or  [CH2(NH2).CH2(S02.OH)] 

This  interesting  substance  is  frequently  regarded  as  identical 
with  amido-isethionic  acid,  with  which  compound  it  is  in 
fact  isomeric. 

Minute  quantities  of  taurin  are  stated  to  exist  in  the  juices  of 
the  lungs  and  of  muscles,  but  its  principal  mode  of  occurrence  is 
in  the  form  of  taurocholic  acid,  C26H45NS07,  which  is  a 
characteristic  constituent  of  the  bile  of  the  dog  and  other  carnivora.1 
(See  Bile  Acids.) 

Taurin  is  best  prepared  by  boiling  ox-bile  for  some  hours  with 
dilute  hydrochloric  acid,  separating  the  liquid  from  the  resinous 
product,  and  precipitating  the  remaining  traces  of  bile-acids  by 
lead  acetate.  The  filtrate  is  freed  from  lead  by  sulphuretted 
hydrogen,  concentrated,  and  the  taurin  which  separates  on  cooling 
purified  by  recrystallisation  from  water. 

Taurin  has  been  obtained  synthetically  by  the  following  series 
of  reactions  : — Ethylene,  C2H4,  is  absorbed  by  fuming  sulphuric 
acid,  the  product  dissolved  in  water,  neutralised  by  ammonia,  and 
the  solution  evaporated  to  the  crystallising  point.  The  resultant 
ammonium  isethionate,  C2H4O.S03(NH4),  when  heated  to  220°  C. 
yields  taurin  and  water.  Taurin  has  also  been  obtained  by  con- 

1  Free  taurin  was  found  by  Gorup-Besanez  in  the  liver  of  a  person 
who  died  from  arachnitis.  It  has  been  detected  in  the  liver  in  cases  of 
jaundice,  and  has  also  been  met  with  in  the  kidneys,  lungs,  and  muscles. 
It  is  likewise  present  in  the  intestinal  canal  and  in  excrement,  doubtless  as 
a  product  of  the  decomposition  of  taurocholic  acid. 

The  taurin  of  the  bile  undergoes  change  in  the  alimentary  canal  of  man, 
and  appears  in  the  urine  chiefly  in  the  form  oftauro-carbamic  acid, 
NH2CO.NH(CH2).CH2.(S02OH).  In  dogs,  some  tauro-carbamic  acid  is 
formed,  but  a  large  proportion  is  excreted  unaltered  ;  while  in  rabbits,  on 
the  other  hand,  some  taurin  is  excreted  unchanged,  but  the  greater  portion 
is  oxidised,  so  that  the  urine  contains  a  greatly  increased  proportion  of 
sulphates,  together  with  some  thiosulphates  (hyposulphites).  When  injected 
hypodermically,  taurin  is  chiefly  excreted  unchanged. 
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verting  ethylene  into  glycol-chlorhydrin,  and  treating  that  body  in 
the  following  manner  : — 


HO.C2H4.C1,  heated  with  K2S03, gives 
HO.C2H4.S02.OK ;    which,   distilled 

C1.C2H4.S02.C1 ;  which,  on  heating 
C1.C2H4.S02.OH;  which, with KH3 at 


Glycol-chlorhydrin,     .     . 
Potassium  isethionate, 

with  PC15,  yields 
Isethionic  chloride, 

with  H9O,  yields 
Chlorethyl-sulphonic  acid, 

100°  under  pressure,  gives 
Taurin, NH2.C2H4.S02.OH 

Taurin  crystallises  in  hard,  six-sided  prisms  (fig.  6),  which 
crackle  between  the  teeth.  It  melts  at  240°  C.  with  intumescence 
and  evolution  of  sulphur  dioxide,  &c.,  leaving  a  difficultly  com- 
bustible carbonaceous  residue. 


Fig.  6.— TAURIN.    a,  well-formed  six-sided  prisms ;  b,  irregular 
sheaf-like  masses  from  an  impure  solution. 

Taurin  has  a  fresh  taste,  and  is  readily  soluble  in  water,  but  is 
only  sparingly  soluble  in  rectified  spirit  (1 :500),  and  is  practically 
insoluble  in  absolute  alcohol  and  ether. 

Taurin  has  no  acid  reaction,  but  it  forms  soluble  crystallisable 
salts  with  bases.  It  dissolves  in  hot  dilute  acids,  and  separates 
unchanged  on  cooling.  When  the  solution  of  taurin  is  evaporated 
with  caustic  alkali,  the  whole  of  the  nitrogen  is  evolved  as  am- 
monia, and  the  residue  contains  a  sulphite  and  acetate  of 
alkali-metal.  Fused  with  caustic  potash,  the  same  products  are 
obtained.  If  heated  strongly  with  sodium  carbonate,  avoiding 
access  of  air,  taurin  yields  a  product  containing  much  sodium 
sulphide.  Hence  the  solution  of  the  mass  in  water  blackens  a 
silver  coin,  and  evolves  sulphuretted  hydrogen  when  treated  with 
an  acid. 
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By  reaction  with  nitrous  acid,  taurin  yields  isethionic 
acid. 

Solutions  of  taurin  are  not  precipitated  by  metallic  salts  or 
by  tannin. 

For  the  detection  of  taurin  or  taurocholic  acid  in  bile,  the  liquid 
should  be  kept  till  it  acquires  a  strongly  acid  reaction.  It  is  then 
treated  with  acetic  acid,  the  filtered  liquid  evaporated  at  100°,  and 
the  residue  extracted  with  absolute  alcohol,  when  the  taurin  will 
be  left  undissolved.  For  the  detection  of  taurin  in  excrement,  &c., 
the  substance  should  be  thoroughly  dried,  exhausted  with  cold 
water,  the  filtered  solution  evaporated,  and  the  residue  treated  with 
absolute  alcohol,  as  described  above  (compare  page  396). 
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On  page  209,  it  was  stated  that  glycocine  was  the  starting- 
point  of  two  distinct  series  of  bases.  One  series,  having  the 
characters  of  amido-acids,  is  represented  by  leucine,  tyrosine,  and 
asparagine,  and  has  already  been  considered.  The  bases  of  the 
second  series  are  called  generically  betames,  after  the  name  of  a 
typical  member  of  the  group.  The  following  are  the  most 
important  bases  of  the  betaine  class : — 


Base. 

Salt. 

Glycocine  (page  206), 

C2H5N02, 

rJcLoDi 

N  -JCH2.COH 

(0  —  } 

(Cl 

Sarcosinc  (page  223), 
(Methyl-glycocme.  ) 

C3H7N02, 

f(CH3)H2 
N  JCfl2.C(n 
(0  } 

((CH3)H2 
N  JCH2.COH 

(ci2 

((CH3)8 

N  \CHS^  H 

Betame  (page  234), 

CsHnNOo, 

jf  J  CHo  CO) 

(Trimethyl-glycocine.) 

(o  —  ; 

(ci  2' 

(Dimethyl-sarcosine.) 

<(CH3)3 

((CH3)3 

Neurine  (page  236), 

C5H13NO 

N  <CH:CH2 

N  -<CH:CH2 

(OH 

(Cl 

Choline  (page  238), 

C5H15N02, 

((CH3)3 
N  ^CHa.CH^OH) 
(OH 

(ci  2'°  2 

((CH3)3 

((CH3)3 

Muscarine  (page  245), 
(Hydroxy-choline.) 

C5H15N03, 

N  |CH2.CH(OH)2 

(ci  2' 

((CH3)3 

Isormtscarine  (page  246), 

C5H16N03, 

N  -JCH(OH).CH2(OH) 

(OH 

It  will  be  seen  that  glycocine,  sarcosine,  and  betaine  may  be 
regarded    as  internal  anhydrides,  thus  differing  by  the  elements 
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of  water  from  the  remaining  members  of  the  group,  which  have 
the  constitution  of  hydroxides  of  ammonium-bases. 

Ernst  Schmidt  considers  a  molecule  of  water  essential 
to  b'etaine,  which  he  expresses  by  the  formula  C5H13N03,  or 
(CH3)3N(OH).CH2.COOH.  Muscarine  is  an  intermediate  pro- 
duct of  the  oxidation  of  choline,  and  Schmidt  suggests  that  the 
three  bases,  choline,  muscarine  and  betaine  bear  the  same  relation 
to  each  other  as  alcohol,  aldehyde,  and  acetic  acid ;  but  a  com- 
parison of  their  constitutional  formulae  shows  that  this  conjecture 
is  not  warranted  by  the  facts. 

Schmidt  further  suggests  that,  if  muscarine  have  an  aldehydic 
constitution,  its  toxic  character  is  probably  due  to  presence  of  the 
aldehyde  group  -CH2.CH(OH)2,  or  of  the  group  -CH2.COH; 
since  the  groups  —  CH2.CH2.OH  and  —  CH2.COOH,  in  combina- 
tion with  trimethylamine,  have  no  direct  poisonous  action.  In 
the  case  of  neurine,  on  the  contrary,  it  is  probable  that  the  toxic 
action  may  be  connected  with  the  double  linking  in  the  vinyl- 
group  —  CH:CH2.  Hence  it  might  be  expected  that  a  corre- 
sponding trimethylamine  derivative  with  a  triple  linking  would 
have  a  similar  or  even  stronger  toxic  action.  This  inference 
has  been  found  correct,  acetenyl-trimethylammonium  hydroxide, 
(CH3)3.(OH).C;CH,  being  a  more  powerful  poison  even  than  neurine. 
On  the  other  hand,  allyl-trimethylammonium  hydroxide,  which 
has  the  constitution  of  a  higher  homologue  of  neurine,  is  a  com- 
paratively non-poisonous  substance. 

It  is  interesting  to  observe  that  while  muscarine  is  intensely 
poisonous  the  isomeric  base  isomuscarine  is  relatively  inert. 
Hence  the  toxic  character  of  the  former  substance  appears  to 
depend  upon  the  existence  of  two  loosely-combined  hydroxyl- 
groups  attached  to  the  same  carbon-atom.  This  conjecture  opens 
a  wide  field  for  future  experiment. 

All  the  above  bases  belong  to  the  class  of  ptomaines,  and  a 
number  of  ptomaines  of  unknown  constitution  are  not  improbably 
members  of  the  betaine-group  (compare  page  343). 

SarcOSine.     Methyl-glycocine. 

((CH3)H2  f(CH8)H 

CgHyNOg1;  *.e.,NV  CH2.CO ;  or  N  -! 

(0    '  (CH2.COOH 

Sarcosine  is  prepared  by  boiling  creatine  with  an  aqueous  solution 


1  Sarcosine  is  isomeric  with  alanine,  lactamide,  and  urethane.  It  is  dis- 
tinguished from  these  bodies  by  its  insolubility  in  alcohol  and  ether,  in 
addition,  of  course,  to  various  chemical  reactions. 
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of  ten  times  its  weight  of  baryta,  until  all  odour  of  ammonia  has 
disappeared.  The  creatine  is  decomposed  into  sarcosine  and  urea, 
the  latter  product  being  further  split  up  into  ammonia  and  car- 
bonic acid.  The  excess  of  baryta  is  removed  by  a  current  of 
carbon  dioxide,  the  liquid  boiled,  filtered,  and  evaporated  to  a 
syrup,  from  which  the  sarcosine  is  deposited  in  foliated  crystals 
on  standing.  Sarcosine  also  results  from  the  action  of  acids  or 
alkalies  on  caffeine  and  theobromine  (Part  ii.  pages  478,  494); 
and  W.  Paulmann  (Arch.  Pharm., ccxxxii.  601)  recommends 
the  hydrolysis  of  caffeine  as  the  best  method  for  the  preparation 
of  sarcosine,  the  yield  being  60  per  cent,  of  the  theory. 

Sarcosine  has  been  obtained  synthetically  by  digesting  ethyl 
chloracetate  under  pressure,  at  125°,  with  an  excess  of  a  concen- 
trated solution  of  methylamine  :— CH2Cl.COO(C2H5)  +  IsTH2Me 
H-H20  =  NHMe.CH2.COOH  +  C2H5.OH  +  HCl.  The  yield  by 
this  method  is  very  poor. 

Sarcosine  may  be  purified  by  conversion  into  the  sulphate,  the 
aqueous  solution  of  which  is  then  decomposed  by  pure  barium 
carbonate. 

Sarcosine  crystallises  in  colourless,  transparent,  rhombic  prisms, 
having  a  sharp,  sweetish,  somewhat  metallic  taste.  Sarcosine  is 
unchanged  at  100°,  but  at  a  higher  temperature  melts  and  volati- 
lises without  leaving  any  residue. 

Sarcosine  is  readily  soluble  in  water,  sparingly  soluble  in  alcohol, 
and  insoluble  in  ether.  It  has  no  action  on  litmus,  but  combines 
with  acids  to  form  soluble  crystallisable  salts.  B2,H2S04H-2  aqua 
forms  colourless,  quadrangular  crystals,  very  readily  soluble  in 
water.  B2,H2Ptd6+2  aqua  is  soluble  in  water,  and  crystallises 
in  large,  pale  yellow,  flattened  octahedra.  Sarcosine  also  reacts 
with  bases.  The  cupric  salt,  Cu(C3H6N02)2 -f  2  aqua,  forms  deep 
blue  crystals. 

When  heated  with  soda-lime,  sarcosine  evolves  methylamine. 

Benzoyl-sar cosine  (methyl-hippuric  acid),  NMeBz.CH.COOH, 
has  been  prepared,  but  owing  to  its  extreme  solubility  has  not 
been  obtained  in  crystals. 

In  all  its  chemical  relationships  sarcosine  presents  a  close 
resemblance  to  glycocine. 

Betalne.     Dimethyl-sarcosine.     Oxycholine.     Lycine. 
C5HnN0      or.CHNO 


|(CH3)8  ((CH3)3 

^CH2.CO)   ;  or,  N-?  CH2 
(0 |  (OH 


i.e.,  TSJ.  CH2.CO  )   ;  or,  1SU  CH^COOH 

to — |  (OH 

Betaine  is  usually  regarded  as  having  the  constitution  of  an 
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internal  anhydride,  but  E.  Schmidt  considers  a  molecule  of  water 
essential  to  its  constitution  and  expresses  it  by  the  last  of  the 
above  formulae.1 

Betaine  occurs  naturally  in  the  juice  of  beetroot  (Beta  vulgaris). 
The  unripe  root  contains  0'25,  but  the  ripe  root  only  0*10  per 
cent.  The  betaine  is  not  present  in  the  root  as  such,  but  in  a  form 
from  which  it  may  be  liberated  by  treatment  with  hydrochloric 
acid  or  baryta.  Hence  the  compound  is  probably  allied  to  the 
lecithins  (page  241).  Betaine  is  also  present  in  beetroot 
molasses,  in  the  branches  and  leaves  of  Lycium  barbarum  (whence 
its  name  lycine),  in  mangold-wurzel,  in  cotton-seed,  &c.,  and  is 
a  product  of  the  decomposition  of  proteids. 

For  the  preparation  of  betaine,  beetroot  juice  or  molasses  should 
be  diluted  with  water  and  treated  with  lead  acetate  in  slight  excess. 
The  precipitate,  which  contains  the  betaine,  is  decomposed  by 
dilute  sulphuric  acid,  and  the  solution  precipitated  by  phospho- 
tungstic  acid.  The  resultant  precipitate  gives  free  betaine  when 
treated  with  milk  of  lime. 

Another  plan  is  to  boil  the  diluted  molasses  or  beet-juice  with 
baryta  for  twelve  hours,  filter,  pass  carbon  dioxide,  evaporate  the 
filtered  liquid  to  a  syrup,  and  exhaust  with  alcohol.  The  extract 
is  treated  by  an  alcoholic  solution  of  zinc  chloride,  the  precipitate 
separated,  recrystallised  from  water,  and  decomposed  by  baryta. 
The  solution  is  exactly  decomposed  by  dilute  sulphuric  acid,  and 
the  filtered  liquid  evaporated  till  the  betaine  hydrochloride  crystal- 
lises out.2 

Betaine  has  also  been  obtained  by  the  oxidation  of  choline,  by 
the  action  of  chloracetic  acid  on  trimethylamine,  and  by  treating 
a  caustic  potash  solution  of  glycocine  with  methyl  iodide  and 
methyl  alcohol. 

1  It  is  difficult  to  describe  the  betaine  of  Schmidt's  formula  by  a 
systematic  name.  Hydroxy-trimethyl-ammonium  acetate  is  perhaps  the  best. 
a  Natural  betaine  is  the  type  of  a  series  of  similar  bases  obtainable  synthe- 
tically. These  may  be  prepared  with  but  slight  admixture  of  secondary 
products  by  the  action  of  alkyl  iodides  on  zinc  salts  of  the  amido-acids  in 
presence  of  zinc  oxide  (E.  Duvillier,  Compt.  rend.,  ex.  640,  and  Jour. 
Chem.  Soc.,  Iviii.  747). 

A  phosphorus-betaine  has  been  obtained  artificially  by  A.  W.  Hofmann 
(Proc.  Royal  Soc.,  xi.  525) ;  and  a  curious  series  of  bases  called  thetines,  which 
may  be  regarded  as  betaines  in  which  sulphur  takes  the  place  of  nitrogen, 
have  been  described  by  C rum-Brown  and  Letts  (Trans.  Royal  Soc. 
Edin.,  1878,  page  571)  e.g.:— 

l(CH3)3  f(CH3)2 

NV  \  CH2.COOH  S'M  CHo.COOH 

(  Br  (  Br  " 

Betaine  hydrobromide.  Thetine  hydrobroroide. 
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Betaine  crystallises  from  alcohol  in  large  deliquescent  crystals 
containing  1  aqua,  which  is  lost  at  100°,  or  by  exposure  over 
strong  sulphuric  acid.  It  is  precipitated  in  scales  on  adding  ether 
to  its  alcoholic  solution.  Betaine  is  optically  inactive,  has  a 
sweet  taste,  is  not  poisonous,  and  is  neutral  to  litmus.  When 
heated,  it  decomposes  with  evolution  of  trimethylamine,  and 
gives  an  odour  of  burnt  sugar. 

Betaine  is  not  affected  by  chromic  or  hydriodic  acid  ;  but  on 
boiling  or  fusion  with  caustic  alkali  it  yields  trimethyl- 
amine. 

The  salts  of  betaine  may  be  regarded  either  as  being  formed 
by  the  replacement  of  the  hydroxyl-group  in  Schmidt's  formula 
by  chlorous  radicals,  or  as  direct  compounds  of  C5H11X02  with 
acids.  Thus,  the  compound  C5H12N02C1  is  either  betaine 
hydrochloride,  C5HnN02HCl,  or  the  chloride  of  the  radical 
C5H12N02.  It  forms  large,  stable,  monoclinic  tables,  melting  with 
intumescence  at  228°  C.,  and  very  readily  soluble  in  water, 
but  nearly  insoluble  in  absolute  alcohol  (distinction  from  choline). 
(C5H122sT02)2PtCl6  forms  large,  yellow,  efflorescent  crystals,  de- 
posited from  water  in  hexagonal  plates,  and  from  dilute  alcohol 
in  hydrated  octahedra.  The  water  of  crystallisation  is  variously 
stated  at  2,  3,  and  4  molecules.  The  gold  salt  crystallises  in  thin 
needles  or  plates  resembling  cholesterin,  soluble  in  water  and 
melting  at  209°.  B,ZnCl2  is  crystallisable,  soluble  in  water,  but 
insoluble  in  strong  alcohol. 

With  Mayer's  reagent,  a  solution  of  betaine  hydrochloride 
yields  a  whitish-yellow  precipitate,  soluble  in  excess  ;  but  if  the 
sides  of  the  glass  containing  the  precipitate  be  rubbed  with  a 
glass  rod,  yellow  needles  are  deposited. 

A  solution  of  iodised  potassium  iodide  precipitates  betaine  as 
a  periodide  in  brown  crystals. 

Neiirine.     Vinyl-trimethylammonium  Hydroxide. 


C5H13NO  ;  i.e.,  N.OH 


This  base,  discovered  by  A.  W.  Hofmann,  differs  from 
choline  (page  237)  by  the  elements  of  water.  It  occurs  with 
choline  in  various  animal  substances  and  the  products  of  their 
decomposition.  According  to  Liebriech,  choline  is  only  formed 
when  an  alcoholic  or  ethereal  extract  of  brain  is  operated  on  ;  while 
if  free  protagon  be  boiled  with  baryta-water,  neurine  is  obtained 
instead. 

Free   neurine  is  only  known  in   aqueous  solution.     It  has   a 
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strong  alkaline  reaction,  and  absorbs  carbon  dioxide  from  the 
air. 

Choline  can  be  converted  into  neurine  by  heating  it  to  140°  C. 
with  fuming  hydriodic  acid,  and  eliminating  the  iodine  from  the 
product  by  moist  silver  oxide.  The  reverse  reaction  has  also  been 
effected  by  heating  neurine  chloride  with  hydriodic  acid,  and  then 
heating  the  product  with  silver  nitrate  in  aqueous  solution. 

Neurine  and  choline  present  very  close  resemblances,  and 
hence  the  few  distinctions  between  them  are  important.  Thus 
neurine  chloride  gives  an  abundant  precipitate  with  tannin,  while 
the  choline  salt  is  not  affected.  On  the  other  hand,  choline 
chloride  is  precipitated  by  phospho-tungstic  acid,  which  with 
neurine  gives  no  reaction.  Choline  platinichloride  forms  large, 
soluble,  red,  tabular,  monoclinic  crystals,  arranged  like  steps. 
They  melt  in  a  capillary  tube  at  232°  to  233°,  but  generally  at 
240°  to  241°  with  much  frothing.  The  platinum  salt  of  neurine 
contains  (C5H12NCl)2,PtCl4,  and  crystallises  in  small,  individual, 
orange-red,  regular  octahedra,  which  melt  at  211°  to  213°,  and 
dissolve  with  difficulty  in  hot  water.  The  crystals  soon  turn 
opaque,  and  on  re-treatment  with  water  leave  an  insoluble  residue, 
while  the  platinum  salt  of  choline  is  found  in  the  solution. 

F.  Marino-Zuco  (Gazetta  Ital.,  xiii.  431)  has  pointed  out 
that  neurine  chloride  is  not  decomposed  by  sodium  bicarbonate, 
in  which  it  differs  from  the  hydrochlorides  of  most  of  the  poisonous 
vegetable  alkaloids.  Hence  if  the  mixed  alkaloids  and  ptomaines, 
simultaneously  extracted  by  Stas'  process,  be  dissolved  in  hydro- 
chloric acid,  and  the  solution  treated  with  sodium  bicarbonate, 
the  vegetable  alkaloids  can  be  extracted  by  agitation  with  ether, 
chloroform,  amylic  alcohol,  &c.,  while  the  neurine  and  other 
soluble  ptomaines  remain  in  the  aqueous  liquid. 

Neurine  is  extremely  poisonous,  the  symptoms  produced  resem- 
bling those  due  to  poisoning  by  muscarine.  Administered  to  a 
frog  subcutaneously,  it  soon  produces  paralysis  of  the  extremities, 
which  is  followed  by  stoppage  of  the  respiration,  and  finally  of  the 
heart  (in  diastole).  In  rabbits,  neurine  occasions  profuse  nasal 
secretion,  salivation;  and  paralysis.  Neurine  produces  contraction 
of  the  pupil,  both  when  injected  and  when  applied  locally.  Atro- 
pine  has  been  found  to  be  an  efficient  antidote,  and  even  produces 
temporary  immunity  to  poisoning  by  neurine.  Hydroxy-trimethyl- 
ammonium  compounds  are  stated  by  V.  Cervello  to  act  similarly. 

Under  the  name  of  "  cancroin,"  an  aqueous  solution  of  neurine, 
also  containing  phenol  and  citric  acid,  has  been  recommended  by 
Adamkiewicz  as  a  hypodermic  injection  for  the  treatment  of 
cancer  (Pharm.  Jour.,  [3],  xxiii.  606). 
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Choline.     Hydroxyethyl-trimethylammonium  Hydroxide. 
P  TT    T\TO    •  4  P  (^^-3)3  I  AT  OTT 

Wu*  U2  >  *'e->(C2H4.OH)  j  * 

Choline  has  been  prepared  synthetically  by  treating  ethylene 
oxide  with  a  concentrated  solution  of  trimethylamine. 

Choline  is  a  decomposition-product  of  lecithine,  but  also  exists 
ready-formed  in  the  tissues  of-  living  animals  and  plants,  and  is 
one  of  the  first  and  most  constant  products  of  the  putrefactive 
decomposition  of  proteids  (compare  page  235).  It  was  first  isolated 
from  bile  (whence  the  names  choline  and  bilineurine),  has  been 
found  in  herring  brine,  and  exists  also  in  the  brain  and  in  yolk  of 
egg,  in  the  conjugate  form  of  lecithine. 

Choline  may  be  classed  both  as  a  leucomaine  and  a  ptomaine 
(page  192),  being  formed  during  normal  vital  actions  as  well  as  in 
putrefactive  decomposition.  It  is  the  constant  associate  of  neuri- 
dine  during  the  earlier  stages  of  putrefaction,  being  afterwards 
replaced  by  trimethylamine,  which  is  no  doubt  produced  by  the 
decomposition  of  choline  itself,  C5H15N02  =  C2H602  -f  C8H9N. 
Choline  may  be  isolated  from  putrefying  matters  by  adding  picric 
acid  to  the  mother-liquor  from  which  iieuridine  has  been  separated. 

Besides  occurring  naturally  in  the  animal  kingdom,  choline 
exists  in  a  large  number  of  plants  and  plant  products.  It  has 
been  shown  to  be  identical  with  the  base  sincaline,  obtained  by 
the  decomposition  of  sinapine  occurring  in  white  mustard  seeds. 
It  has  also  been  found  in  many  fungi,  in  germinated  pumpkin 
sprouts,  in  the  seeds  of  cotton  (see  page  240),  Vicia  sativa( vetch), 
Trigonella  Fcenum  grcecum  (fenugreek),  ergot  of  rye,  areca  nuts,  the 
fly  agaric,  ipecacuanha  and  hops ;  and  was  extracted  by  P.  Griess 
from  beer,  which,  according  to  J.  Kj  eldahl,  also  contains  a  choline 
derivative  (lecithin  2).1 

Choline  may  be  prepared  from  yolk  of  egg  by  exhausting  the 
substance  with  ether  and  afterwards  with  warm  alcohol.  These 
are  distilled  from  the  extract,  the  residue  boiled  for  an  hour  with 
baryta-water,  the  excess  of  baryta  precipitated  by  carbon  dioxide, 

1  Kjeldahl  found  that  the  proportion  of  choline  in  beer  was  the  same 
as  that  in  the  wort  prior  to  fermentation.  To  extract  it,  he  evaporates  the 
beer  or  wort  to  one-half,  and  treats  it  with  excess  of  milk  of  lime  and  one  or 
two  volumes  of  alcohol.  The  nitrate  is  acidified  with  sulphuric  acid,  evaporated 
on  the  water-bath  with  excess  of  barium  carbonate  till  the  alcohol  is  volatilised, 
and  a  large  excess  of  iodised  potassium  iodide  added.  Needles  of  choline 
polyiodide,  exhibiting  a  beetle-green  reflection,  are  gradually  deposited. 
These  are  exactly  decomposed  by  sulphurous  acid,  the  solution  shaken  with 
silver  chloride  (to  convert  the  iodide  into  chloride),  and  the  filtered  liquid 
treated  with  platinic  chloride  to  obtain  the  choline  as  a  platinum  salt. 
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and  the  filtrate  evaporated.  The  residue  is  exhausted  with  abso- 
lute alcohol,  and  the  solution  precipitated  by  platinic  chloride. 
The  platinichloride  is  dissolved  in  water,  and  decomposed  by 
sulphuretted  hydrogen.  The  solution  of  choline  chloride  is  con- 
centrated, and  treated  with  silver  oxide,  when  a  strongly  alkaline 
solution  of  free  choline  is  obtained,  and  on  evaporation  the  base 
remains  as  a  syrupy  liquid. 

Free  choline  is  a  deliquescent  substance  very  difficult  to  crys- 
tallise. It  usually  forms  a  syrup.  It  is  a  powerful  base,  having 
an  alkaline  reaction,  and  absorbing  carbon  dioxide  from  the  air. 

By  some  observers  (Arndt,  &c.)  choline  is  alleged  to  be  volatile, 
but  there  is  good  reason  to  doubt  the  accuracy  of  this  observation. 

Choline,  having  the  constitution  of  a  tetrammonium  hydroxide 
(compare  Part  ii.  page  19),  forms  salts  by  the  replacement  of  the 
OH-group  by  Cl,  I,  S04,  &c.  Thus  the  chloride  has  the  formula 
(C2H4OH)(CH3)3N.C1,  and  crystallises  from  absolute  alcohol  in 
fine  deliquescent  needles,  readily  soluble  in  alcohol  and  water 
(distinction  from  betaine).  The  platinum  salt  has  the  composition 
[(C2H4OH)(CH3)3NCl]2,PtCl4,  and  crystallises  from  hot  water  in 
fine  reddish-yellow  plates  or  prisms,  insoluble  in  absolute  alcohol 
(compare  page  237).  The  gold  salt  (Au  =  44'5  per  cent.)  is  de- 
posited from  a  hot  saturated  aqueous  solution  in  long  yellow 
prisms,  which  melt  at  244°  to  245°  C.,  and  are  soluble  with 
difficulty  in  cold  water,  but  dissolved  by  hot  water  or  alcohol. 
Choline  sulphate  is  amorphous,  and  almost  insoluble  in  absolute 
alcohol,  but  very  soluble  in  water.  The  carbonate  is  amorphous, 
very  deliquescent,  alkaline  in  reaction,  and  soluble  in  alcohol. 

When  choline  is  treated  with  hydriodic  acid,  both  the  hydroxyl- 
groups  are  replaced  with  formation  of  the  body  (C2H4I)(CH3)3NI ; 
and  when  this  is  treated  with  moist  oxide  of  silver  and 
water  (compare  Part  ii.  page  20)  it  yields  the  base  neurine, 
(C2H3)(CH3)3N.OH.  (See  page  237.)  On  oxidation,  choline  is 
converted  into  oxycholine,  (CH2.COOH)(CH3)3N.OH. 

According  to  some  observers,  choline  is  not  poisonous,  but 
M.  de  Thierry  states  that  it  produces  toxic  symptoms  similar  to 
those  of  neurine,  but  less  violent.1 

Owing  to  the  poisonous  character  of  choline,  W.  Maxwell 
(Amer.  Chem.  Jour.,  1891,  xiii.  469)  has  endeavoured  to  find  out 
whether  choline  and  betaine  are  present  in  the  cotton  seed  from  which 
various  cattle  foods  are  prepared.  Betaine  is  generally  believed  to 
be  non-poisonous,  but  is  usually  found  together  with  choline. 

1  Brieger  found  a  dose  of  0'005  gramme  of  choline  chloride  requisite  to 
cause  death  to  a  rabbit,  while  one-tenth  of  that  amount  of  neurine  chloride 
proved  fatal. 
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About  5  Ibs.  of  finely-ground  cotton-seed  cake  was  extracted  with 
70  per  cent,  alcohol,  the  extract  distilled,  and  the  residue  taken 
up  in  water.  On  adding  lead  acetate  to  this  solution,  a  precipitate 
was  thrown  down  which  was  separated,  and  the  filtrate  evaporated  to 
a  syrup  after  the  excess  of  lead  had  been  removed.  The  alkaloidal 
bodies  were  then  taken  up  from  this  syrup  in  a  mixture  of  70  per 
cent,  alcohol  and  1  per  cent,  hydrochloric  acid.  This  extract  was 
treated  with  an  alcoholic  solution  of  mercuric  chloride,  when  imme- 
diately an  almost  pure  white  double  salt  of  the  nitrogenous  bases 
began  to  separate  out.  After  standing  for  ten  days  the  crystals 
were  separated  from  the  liquid,  from  which  more  crystals  were 
deposited  after  some  weeks.  After  recrystallisation  from  water  the 
salt  was  decomposed  by  means  of  hydrogen  sulphide.  The  filtrate, 
containing  the  chlorides  of  the  bases,  was  slowly  evaporated, 
and  then  placed  in  a  desiccator  over  sulphuric  acid  until  crystal- 
lisation of  the  salts  was  complete.  The  crystals,  which  were  free 
from  colour  and  well-developed,  after  drying,  were  saturated  with 
absolute  alcohol,  in  which  the  choline  salt  dissolved  along  with  a 
small  proportion  of  the  betaine  salt.  7'248  grms.  of  the  crystals 
were  treated  with  alcohol,  and  the  extract  evaporated  to  dryness 
and  re-extracted  three  times  to  obtain  the  choline  salt  free  from 
betaine.  There  were  thus  obtained  1'08  grm.  of  choline  chloride, 
and  6*168  grms.  of  the  corresponding  betaine  salt.  Choline  and 
betaine  appeared  to  be  present  in  the  sample  of  cattle-food  used 
by  Maxwell  in  the  relative  proportions  of  17 '5  per  cent,  choline 
to  8 2 '5  per  cent,  betaine. 

The  alcoholic  solution  of  the  choline  salt  was  treated  with 
platinic  chloride,  and  choline  platinichloride  obtained.  From  this 
an  aqueous  solution  of  choline  chloride  was  obtained  by  treat- 
ment with  hydrogen  sulphide,  and  the  separation  of  the  resulting 
platinic  sulphide  by  filtration.  This  aqueous  solution  gave  the 
following  reactions : — 

With  Phospho-tungstic  acid,  white  precipitate. 
Phospho-molybdic  acid,  yellow  precipitate. 
Bismuth-potassium  iodide,  red  precipitate. 
Cadmium-potassium  iodide,  grey  precipitate. 
Iodine,  brown  precipitate. 
Platinic  chloride,  yellow  precipitate  soluble  in  water. 

An  aqueous  solution  of  the  betaine  hydrochloride  was  treated 
with  phospho-tungstic  acid,  the  precipitate  treated  with  milk  of 
lime,  and  the  resulting  lime  salt  filtered  off.  The  residue  was 
evaporated  and  extracted  with  strong  alcohol,  from  which  free 
betaine  crystallised  out. 
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Schulze  and  Frankfurt  (Ber.,  xxvi.  2151-2155)  have  re- 
cently described  the  following  process  for  the  isolation  of  betaine  and 
choline  existing  in  malt-culms  and  wheat-germs.  The  material  is 
extracted  with  water,  lead  acetate  added  so  long  as  a  precipitate  is 
produced,  the  solution  acidified  with  sulphuric  acid,  and  filtered. 
Phospho-tungstic  acid  is  then  added,  and  the  resulting  precipi- 
tate washed  and  treated  in  the  cold  with  milk  of  lime.  The 
filtrate  from  the  insoluble  calcium  compounds  is  treated  with  car- 
bonic anhydride  to  remove  the  excess  of  lime,  filtered,  neutralised 
with  hydrochloric  acid,  evaporated  to  a  syrup,  and  the  latter 
extracted  with  hot  90-95  per  cent,  alcohol.  Alcoholic  mercuric 
chloride  solution  is  added  to  the  extract,  which  is  then  allowed 
to  stand  for  several  days,  when  the  separated  mercury  double 
salt  is  removed  and  crystallised  from  water.  The  difficultly 
soluble  portion  of  the  salt  contains  the  betaine,  while  the  easily 
soluble  part  consists  of  the  choline  compound.  These  can  be 
separated  by  repeated  fractional  crystallisation  from  water,  or  by 
decomposing  with  sulphuretted  hydrogen  and  treating  the  hydro- 
chlorides  so  obtained  with  cold  absolute  alcohol.  The  choline  salt 
dissolves  while  the  betaine  compound  remains  behind. 

Three  kilos,  of  wheat  embryos  yielded  5  to  6  grms.  of  betaine 
hydrochloride,  the  yield  of  the  choline  salt  being  considerably  less. 
Malt  rootlets  yielded  a  somewhat  less  amount  of  the  betaine  salt, 
but  a  rather  larger  quantity  of  the  choline  compound. 

E.  Jahns  (Ber.,  xxvi.  1493;  Pharm.  Jour.,  [3],  xxiv.  245) 
isolated  choline  and  betaine  from  worm-seed  (Artemisia  Gallica, 
Wild.)  by  the  following  process  : — The  seed  was  extracted  with 
hot  water,  and  the  liquor  precipitated  with  lead  acetate  and  soda. 
From  the  filtrate  the  excess  of  lead  was  thrown  down  by  sodium 
phosphate,  the  filtrate  evaporated  to  a  small  bulk,  acidulated  with 
sulphuric  acid  and  shaken  with  chloroform,  which  removed  a  bitter 
resinous  substance  and  a  little  santonin.  From  the  aqueous  layer, 
mixed  with  a  large  proportion  of  sulphuric  acid,  the  bases  were 
precipitated  by  potassio-bismuth  iodide,  the  precipitate  washed 
with  dilute  sulphuric  acid,  and  the  choline  and  betaine  liberated 
by  digesting  the  precipitate  with  freshly  precipitated  silver  carbon- 
ate and  water.  The  bases  were  separated  by  treating  their 
chlorides  with  absolute  alcohol,  in  which,  at  the  ordinary 
temperature,  the  choline  salt  dissolves  freely,  while  that  of  betaine 

almost  insoluble. 

LECITHINS  or  LECITHINES. 

Vauquelin  was  the  first  to  observe  that  the  brain  contains  a 
)hosphorised  fat,  which  was  later  obtained  from  yolk  of  egg  and 
caviare  in  a  crystallised  state  by  Hoppe-Seyler,  who  showed 
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that  the  same  substance,  or  others  closely  related  to  it,  occurred 
very  frequently  in  growing  cells,  both  in  the  animal  and  the  vege- 
table kingdom.  Thus  he  isolated  lecithins  from  yeast  and  various 
fungi,  from  seeds,  and  found  it  in  all  the  organs  and  fluids  of  the 
human  body  except  the  gastric  juice,  the  pancreatic  secretion,  the 
urine,  and  the  saliva.1 

When  a  lecithin  is  boiled  with  baryta-water  it  is  saponified  with 
formation  of  choline,  glycerol-phosphoric  acid,  and  one 
or  more  fatty  acids,  which  may  be  stearic,  palmitic,  or  oleic 
acids.  Lippmann  obtained  betaine  instead  of  choline  by  the 
saponification  of  beetroot-lecithin.  Hence  it  appears  that  the 
lecithins  are  a  group  of  closely-allied  compounds,  related  to  each 
other  in  much  the  same  manner  as  the  ordinary  fats  and  choles- 
terins.  The  constitution  of  distearyl-lecithin,  isolated  by 
Diakonow  from  the  yolk  of  egg,  is  shown  by  the  following 
formula  :  — 

O.C18H350 
CH       O.CH0 

3 


0.C2H4.N(CH3)2.OH 

For  the  preparation  of  lecithin,  Diakonow  directs  that  yolk  of 
egg  should  be  shaken  up  with  ether  as  long  as  colouring  matter  is 
removed,  when  the  residue  is  treated  with  water,  filtered,  and 
rapidly  washed,  and  then  digested  with  alcohol  at  50°—  60°  C. 
The  filtered  liquid  is  quickly  evaporated  to  the  consistence  of  a 
syrup,  the  residue  dissolved  in  a  small  quantity  of  absolute  alcohol, 
and  the  filtered  solution  cooled  by  a  freezing  mixture.  Stearin- 
lecithin  separates  gradually  in  nodular  masses  or  (occasionally) 
crystalline  tablets,  while  olein-lecithin  remains  in  solution. 
Strecker  prepares  lecithin  by  extracting  yolk  of  egg  with  ether- 
alcohol,  distilling  off  the  ether  and  adding  alcohol  to  the  residue 
as  long  as  fats  and  other  matters  are  precipitated.  The  filtered 
liquid  is  treated  with  an  alcoholic  solution  of  platinic  chloride 
containing  free  hydrochloric  acid,  which  produces  a  yellow  flocculent 
precipitate  of  lecithin  platinichloride,  a  compound  which  is 
soluble  in  ether,  chloroform,  or  benzene,  but  insoluble  in  alcohol. 
This  is  purified  by  repeated  solution  in  ether  and  precipitation 
with  alcohol,  and  is  then  decomposed  in  ethereal  solution  by  sul- 
phuretted hydrogen.  On  evaporation  to  dryness,  lecithin 
hydrochloride  is  obtained  as  a  waxy  mass,  which  is  taken  up 

1  C.  Schaerges  (Pharm.  Zeit.,  xl.  314)  states  that  the  thyroid  gland 
contains  a  considerable  proportion  of  lecithin,  the  presence  of  which  he  regards 
as  having  an  important  relation  to  the  physiological  action  of  the  gland. 
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by  ether-alcohol  and  shaken  with  oxide  of  silver.  The  resultant 
silver  chloride  is  filtered  off  and  dissolved  silver  separated  from 
the  filtrate  by  sulphuretted  hydrogen.  On  evaporation,  pure 
lecithin  remains.  Lippmann  prepared  lecithin  from  beetroot 
by  a  similar  method. 

Lecithin  is  a  translucent,  wax-like,  imperfectly  crystalline  sub- 
stance, which  is  very  hygroscopic  and  swells  up  on  treatment 
with  water  to  form  an  opalescent  liquid  or  emulsion,1  which  is 
precipitated  or  coagulated  by  various  neutral  salts. 

Lecithin  combines  both  with  bases  and  acids,2  but  its  compounds 
readily  undergo  decomposition,  as  also  does  lecithin  itself.  An 
alcoholic  solution  of  free  lecithin  decomposes  slowly  in  the  cold, 
and  more  rapidly  on  heating,  and  from  a  similar  solution  of  lecithin 
hydrochloride  free  fatty  acids  separate  after  a  time.  From  an 
ethereal  solution  of  lecithin  chloroplatinate,  choline  chloro- 
platinate  gradually  separates  on  standing.  If  an  ethereal 
solution  of  lecithin  be  shaken  with  dilute  sulphuric  acid,  choline 
passes  into  the  acid  liquid,  while  the  ether  contains  distearyl- 
glycerol-phosphoric  acid,  (C18H350)2:C3H5.P04H2,  a  body 
which  forms  a  crystalline  potassium  salt.  A  similar  decomposi- 
tion occurs  in  the  first  stage  of  putrefaction  of  animal  substances 
containing  lecithin  (page  324). 

By  boiling  with  baryta-water,  the  molecule  of  lecithin  is  split 
up  differently,  the  first  products  being  the  barium  salts  of  fatty 
acids,  and  the  choline  ester  of  glycerol-phosphoric  acid,  but  the 
latter  compound  readily  undergoes  further  decomposition  with 
formation  of  choline  and  barium  glycerol-phosphate. 

Lecithin  occurs  widely  distributed  in  the  vegetable  kingdom, 
and  is  found  in  the  ethereal  extracts  of  plants  together  with 
glycerides,  wax-like  products,  cholesteiln,  &c. 

For  the  isolation  of  lecithin  from  such  extracts,  Schulze  and 
Likiernik  (JBer.,  xxiv.  71)  operate  as  follows  :— Finely-pow- 

1  When  lecithin  is  treated  with  a  moderate  quantity  of  water,  the  products 
exhibit  under  the  microscope  curious  filaments,  spherules,  and  other  forms, 
closely  resembling  the  so-called  myeline  forms  observed  by  V  i  r  c  h  o  w 
when  nerve-fibres  are  exposed  for  a  long  time  to  the  action  of  water. 

Similar  myeline  forms  are  produced  by  "  p  r  o  t  a  g  o  n,"  a  highly  complex 
body  extracted  from  ox-brains  by  means  of  alcohol.  Protagon  is  stated  to 
have  a  composition  corresponding  to  the  formula  C160H3o8N"5P03g,  is  crystal- 
lisable,  and  resembles  lecithin  in  yielding  choline,  fatty  acids,  and  glycerol- 
phosphoric  acid  as  decomposition-products. 

2  As  lecithin  forms  definite  (though  unstable)  compounds  with  acids,  it 
has    the  characters  of  a  base,   and    would    be    more  appropriately  spelt 
1  e  c  i  t  h  i  n  e.     In  practice,  this  is  very  rarely  done. 


244  GLYCEROL-PHOSPHORIC   ACID. 

dered  plant-seeds  (vetch  and  lupin)  are  first  extracted  with  ether, 
when  only  a  portion  of  the  lecithin  goes  into  solution.  The 
insoluble  residue  is  then  digested  with  proof-spirit  (in  some  cases 
a  little  alkali  being  added  to  neutralise  the  free  acid  contained  in 
the  seeds),  whereby  the  bulk  of  the  lecithin  is  dissolved  in  a  fairly 
pure  state.1  In  order  to  purify  the  product  thus  obtained,  the 
solvent  is  distilled  off  at  40°— 50°  C.,  and  the  residue  treated  with 
cold  ether.  The  lecithin  dissolves,  and  by  shaking  the  solution 
thus  obtained  with  water  the  impurities  are  taken  up  by  the  latter. 
An  emulsion,  however,  forms  on  shaking  the  mixture,  and  crystals 
of  common  salt  must  be  added  to  clear  the  ethereal  solution.  This 
clear  solution,  when  gently  evaporated,  leaves  a  residue  of  lecithin, 
which  is  further  purified  by  dissolving  it  in  absolute  alcohol  and 
again  concentrating.  The  lecithin  separates  as  a  pale  yellow  pro- 
duct, possessing  the  characteristic  properties  of  this  body  ;  but  it 
could  not  be  obtained  in  a  crystalline  form.  When  saponified  by 
baryta-water,  choline,  glycerol-phosphoric  acid,  and  fatty  acids 
result,  and  were  separated  and  identified.2  Both  solid  fatty  acids 
and  oleic  acid  were  found  in  the  products  of  saponification,  so  that 
the  lecithin  from  plants,  like  that  got  from  the  yolk  of  eggs, 
appears  to  be  a  mixture  of  several  lecithins.3 

1  B.  von  Bitto  (Zeits.  Physiol.  Chem.)  has  pointed  out  the  great  diffi- 
culty attending  the  complete  extraction  of  lecithin   by  Schulze's  process. 
After  exhausting  the  substance  with  ether,  he  recommends  that  the  residue 
should  be  boiled  from  20  to  30  times  with  alcohol. 

2  GLYCEROL-PHOSPHORIC  ACID  (OH)2:C3H5.H2P04,  maybe  obtained  syn- 
thetically by  the  action  of  phosphoric  anhydride  or  glacial  phosphoric  acid 
on  glycerol.     It  is  produced  by  boiling  lecithin  with  baryta  or  caustic  soda  ; 
and  occurs  normally  in  urine  (0'015  gramme  per  litre)  and  in  animal  tissues, 
&c. ,  containing  lecithin. 

Glycerol-phosphoric  acid  has  not  been  obtained  pure,  as  it  is  decomposed 
on  evaporation.      In  its  most  concentrated  condition  it  forms  a  yellowis 
syrupy  liquid  of  a  sweet-acid  taste.      Glycerol-phosphoric  acid  is  dibasic 
and  forms  salts  which  are  mostly  soluble  in  water  but  insoluble  in  alcohol. 
It  may  be  precipitated  as  the  lead  salt. 

Calcium  glycerol -phosphate,  CaC3H7P06,  forms  a  white  crystalline  powder, 
freely  soluble  in  cold  water  but  precipitated  from  its  solution  on  boiling.  II 
has  been  proposed  as  a  readily  assimilable  form  of  phosphorus  for  medicii 
use. 

3  W.  Maxwell  (Amer.  Chem.  Jojtr.,  xiii.  No.  6)  has  observed  that 
inorganic  phosphorus  present  in  mature  seeds  becomes  reorganised  under 
action  of  the  processes  occurring  during  incipient  growth,  and  appears  in  tl 
young  plantlet  in  the  organic  form  as  a  constituent  of  lecithin.     Maxwell  hj 
further  observed  that  the  lecithin  present  in  the  egg  of  a  hen  becomes  re 
ganised  under  the  action  of  the  process  of  incubation,  and  is  found  in 
form  of  a  mineral  phosphate  in  the  bone  of  the  chicken. 
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The  presence  of  lecithin  in  the  seeds  of  plants  leads  to  an  error 
in  the  determination  of  the  fat  contained  by  extraction  with  ether, 
as  the  lecithin  also  goes  into  solution,  though  to  a  varying  extent. 
The  error  is  small  in  the  case  of  seeds  rich  in  fatty  matter,  but 
when  the  ether  extract  only  amounts  to  about  2  per  cent,  and  the 
per  cent,  of  lecithin  reaches  1'2  to  1*3,  as  in  the  seeds  of  the 
vetch  and  of  the  pea,  the  error  is  very  considerable,  and  a  deter- 
mination of  the  phosphorus  in  the  residue  should  be  made  and  the 
quantity  of  extract  free  from  lecithin  thus  obtained.  One  part  of 
Mg2P207  represents  7  "2  7  parts  of  lecithin. 

MuSCarme.     Hydroxy-choline. 
C5H]5JTO2  ;  i.e.,  N-OH  •  or>  N  I  CH2.CH(OH)2 


Muscarine  is  the  poisonous  principle  of  the  toadstool  known  as 
the  fly-blown  agaric  (Acjaricus  muscarius),  in  which  it  occurs 
together  with  choline.  Muscarine  is  also  present  in  the  fungus 
Amanita  pantherina,  and  is  a  characteristic  product,  together  with 
ethylene-diamine  and  gadinine,  of  the  putrefaction  of  fish.  It 
results  from  the  oxidation  of  choline  by  strong  nitric  acid. 

Muscarine  forms  thin  laminae  or  irregular  crystals.  It  is  very 
deliquescent,  and  is  soluble  in  water  and  alcohol  in  all  proportions, 
but  is  insoluble  in  ether  and  only  with  difficulty  soluble  in  chloro- 
form. 

The  aqueous  solution  of  muscarine  is  strongly  alkaline,  absorbs 
carbon  dioxide  from  the  air,  and  precipitates  solutions  of  ferric  and 
cupric  salts. 

The  salts  of  muscarine  are  mostly  very  deliquescent,  and  neutral 
to  litmus,  except  the  carbonate,  which  is  strongly  alkaline.  The 
salt  produced  by  treating  muscarine  with  hydrochloric  acid  is 
formed  by  the  replacement  of  the  hydroxyl-group,  OH,  by  Cl, 
with  elimination  of  water  (compare  page  238).  The  platinum 
salt  contains  (C5H14NOCl)2PtCl4+2  aqua,  and  forms  well-defined 
octahedra,  soluble  in  alcohol  and  difficultly  soluble  in  water. 

Muscarine  salts  yield  amorphous  precipitates  with  Mayer's 
reagent,  the  potassio-iodide  of  bismuth,  with  auric  chloride,  and 
with  phospho-molybdic  and  phospho-tungstic  acids.  With  Mayer's 
reagent  muscarine  salts  yield  a  precipitate  which  is  at  first 
amorphous,  but  gradually  becomes  crystalline.  Muscarine  is  not 
precipitated  by  tannin,  picric  acid,  or  iodised  potassium  iodide, 
and  is  not  affected  by  boiling  with  dilute  acids  or  alkalies. 

According  to  G.  Nothnagel  (Ber.,  xxvi.  801)  the  artificial 
muscarine  obtained  from  choline  by  oxidation  with  nitric  acid 
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agrees  with  the  natural  base  in  crystalline  form,  solubility, 
the  composition  of  the  platinum  and  gold  salts,  and  to  a  large 
extent  in  its  physiological  action ;  but  while  artificial  nmscarine 
induces  paralysis  of  the  intermuscular  nerve-terminations  in  the 
frog,  and  myosis  in  the  pupil  of  the  eye  of  birds,  the  natural  base 
does  not  act  in  either  of  these  mariners. 

Muscarine  is  tasteless  but  very  poisonous,  the  action  being  nar- 
cotic and  antagonistic  to  atropine.  The  heart  of  a  frog  was 
arrested  by  O'OOOOS  gramme  of  nmscarine,  but  recommenced  its 
action  on  application  of  atropine.  In  its  poisonous  action  nius- 
carine  resembles  neurine.  It  produces  a  flow  of  saliva  and  tears, 
and  paralyses  and  arrests  the  heart  in  diastole.  Contraction  of 
the  pupil,  diarrhoea,  and  emission  of  urine  and  semen  are  other 
notable  symptoms. 

Various  other  fungi  besides  the  fly-blown  agaric  produce  marked 
symptoms  of  poisoning,  but  the  active  principles  do  not  appear 
to  be  of  alkaloidal  nature ;  except,  perhaps,  in  the  case  of  Agaricus 
ruber,  which  is  stated  by  T.  L.  P  h  i  p  s  o  n  to  contain  a  colouring 
matter  (ruberine)  and  the  alkaloid  agarythrine  (Chem.  Neics, 
xlvi.  199).1 

In  man,  from  3  to  5  milligrammes  of  muscarine  injected  hypo- 
dermically  produce,  in  a  few  minutes,  profuse  salivation,  rapid 
pulse,  nausea,  confusion  of  thought,  giddiness,  and  myosis,  but  no 
vomiting  or  diarrhoea.  Applied  in  small  quantity  to  the  eye, 
muscarine  produces  derangement  of  the  accommodation  but  no 
change  in  the  size  of  the  pupils.  Larger  quantities  cause  myosis.2 

ISOMUSCABINE  is  an  isomer  of  muscarine  obtained  by  synthetical 
means  (see  page  233). 

1  The  autumn  fungus,  Agaricus  phalloides,  which  has  not  unfrequently 
been  eaten  in  mistake  for  mushrooms,  with  fatal  results,  is  said  to  owe  its 
poisonous  properties  to  a  toxalbumin  called  phallin  (see  A.   "Wynter 
B 1  y  t  h,  Poisons :  their  Effects  and  Detection). 

2  For  the  detection  of  muscarine  in  cases  of  poisoning  by  the  actual  base,  or 
by  the  fly-blown  agaric,  A.  "Wynter  Blyth  suggests  that  the  matters 
should  be  treated  with  water  acidulated  with  hydrochloric  acid,  and  the  liquid 
concentrated  to  a  syrup  in  vacuo.     The  syrup  should  then  be  treated  with 
water,  and  mercuric  chloride  added.     The  excess  of  mercury  is  removed  from 
the  filtered  liquid  by  sulphuretted  hydrogen,  and  the  filtrate  evaporated  to  a 
syrup,  which  is  then  repeatedly  extracted  with  alcohol,  and  the  solution 
treated  with  platinic  chloride.     The  filtrate  is  freed  from  alcohol,  treated 
with  sulphuretted  hydrogen,  and  again  filtered,  the  filtrate  concentrated  to  a 
small  volume,  and  platinic  chloride  again  added,  when  the  platinum  salt 
muscarine  may  be  thrown  down  at  once,  or  on  further  concentration.     Isola- 
tion of  the  muscarine  by  precipitation  with  Mayer's  solution  would,  in  the 
opinion  of  the  author,  be  preferable  to  the  foregoing  scheme. 
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UREA  AND  ITS  ANALOGUES. 

Urea  is  itself  of  pre-eminent  interest  and  importance  as  the  chief 
form  in  which  the  nitrogen  of  the  food  ingested  by  man  and  other 
of  the  mammalia  is  eliminated  from  the  system.  Urea  is  also 
the  type  of  an  extensive  series  of  allied  bodies  and  the  nucleus  of 
other  compounds  of  natural  origin  and  artificial  synthetic  forma- 
tion. The  following  is  a  list  of  the  simpler  and  more  typical 
members  of  the  group : — 


CARBAMIC  ACID.I 
(OH 


CO 


NH, 


ETHYL  CARBAMATE. 
(Urethane.) 


PHENYL-URKTHANE. 
(Euphorin.) 

co  ro.(C2H5) 

3\NH(C6H6) 

BlURET. 


ALLOPHANIC  ACID. 
(KH(COOH) 


CO 


HYDANTOIN. 
f  NH.CO 


INH.CH, 


CARBAMIDE. 
(Urea.) 

ro  /  NH2 

\NH2 
ETHYL  UREA. 
co{KH(CA) 

DIALLYL  UREA. 
(Sinapoline.) 

co  j  NH(C:iH5) 
00  j  NH(C3H5) 

ACETYL-IJREA. 

CQ  (NH(CO.CH3) 
I  NH2 

OXALURIC  ACID. 
rn  /NH.CO(COOH) 


PARABANIC  ACID. 
co  JNH.C01 
00  JNH.COJ 


IMIDO-UREA. 
(Guanidine.) 


THIO-UREA. 


CS 
CS 


NH 


ALLYL-THIOUREA. 
(Thiosinamine.) 


NH(C3H3) 


PHENATOL-UREA. 
(Dulcine.     Sucrol.) 


ALLOXANIC  ACID. 


rn  /NH.CO.CO(COOH) 
C0  1  NH, 


ALLOXAN. 


ro  /NH.C01 

00  INK. co/ 


Guanidine  is  described  on  page  282,  and  biuret  on  page  250. 
Thiosinamine  is  described  under  mustard  oil  (page  108),  while 
oxaluric  acid,  parabanic  acid,  and  alloxan  are  referred  to  under 
uric  acid.  Urea  and  d  u  1  c  i  n  e  are  the  only  remaining  members  of 
the  group  which  require  further  consideration. 

1  CARBAMIC  ACID,  NH2.COOH,  is  not  known  in  the  free  state.  The 
ammonium  salt  is  formed  by  the  direct  union  of  carbon  dioxide  and  dry 
ammonia  gases,  a  second  molecule  of  ammonia  uniting  with  the  nascent  acid 
to  form  ammonium  carbamate,  NH2.COO(NH4).  This  salt  exists  in  commercial 
ammonium  carbonate,  and  can  be  obtained  by  digesting  that  compound  in 
strong  ammonia  for  30  to  40  hours  (Divers).  Ammonium  carbamate  is 
extremely  soluble  in  water,  with  which  it  gradually  reacts  to  form  ammo- 
nium carbonate,  (NH4).O.CO.O(NH4).  When  heated  to  about  60°  C., 
at  the  ordinary  pressure,  ammonium  carbamate  is  decomposed  into  ammonia 
and  carbon  dioxide,  but  when  heated  under  pressure  to  130°  to  140°  it  yields 
urea,  as  it  does  also  when  submitted  in  aqueous  solution  to  a  rapidly  alter- 
nating current  of  electricity. 
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Urea.    Carbamide. 


Urea  exists  ready-formed  in  the  urine  of  mammals,  and  in 
blood,  milk,  and  other  animal  fluids.  It  was  first  obtained 
synthetically  by  Wo  hler  in  1828,  being  the  first  of  the  natural 
organic  bodies  prepared  by  a  synthetic  process. 

Urea  may  be  prepared  by  a  variety  of  methods,  of  which  the 
following  are  the  most  important  and  interesting:  — 

1.  Fresh  urine  is  concentrated  at  100°  C.  to  one-tenth  of  its 
volume,  and  the  insoluble  deposit  of  phosphates  and  urates 
separated  by  filtration  through  cloth.  The  filtrate  is  mixed  with  an 
equal  measure  of  a  hot  concentrated  solution  of  oxalic  acid,  and 
the  whole  vigorously  agitated  and  allowed  to  cool.  A  copious,  fawn- 
coloured  precipitate  of  oxalate  of  urea  is  obtained,  which  is  separ- 
ated by  a  cloth  filter,  slightly  washed  with  cold  water  and  pressed. 
The  product  is  dissolved  in  boiling  water,  and  powdered  chalk  added 
till  the  liquid  becomes  neutral  and  effervescence  ceases.  The  liquid 
is  filtered  from  the  calcium  oxalate,  warmed  with  animal  charcoal, 
filtered,  and  concentrated  by  evaporation,  avoiding  actual  boiling. 
The  urea  which  deposits  on  cooling  is  purified  by  recrystallisation. 

According  to  H.  J.  H.  Fen  ton  (Chem.  News,  liii.  13),  on  treatment  with 
sodium  hypochlorite  and  caustic  soda,  one-half  of  the  nitrogen  of  ammonium 
carbamate  is  gradually  evolved  as  gas.  The  solution  then  contains  sodium 
carbamate  ;  and  if  sodium  hypobromite  or  bromide  be  next  added,  the  remain- 
ing nitrogen  is  evolved  as  gas.  Fenton  suggests  this  reaction  as  a  delicate 
test  for  a  bromide.  (Compare  page  276.) 

Calcium  carbamate  is  precipitated  on  adding  lime  and  alcohol  to  a  solution 
of  ammonium  carbamate  cooled  to  0°  C.  It  forms  a  crystalline  powder,  soluble 
in  water.  The  solution  rapidly  decomposes  with  separation  of  calcium 
carbonate. 

Salts  of  carbamic  acid  occur  in  serum,  and  are  also  stated  to  be  formed  by 
the  oxidation  of  leucine,  tyrosine,  glycociue,  and  albumin  by  potassium  per- 
manganate in  alkaline  solution. 

Ethyl  carbamate  or  Urethane,  N"H2.CO.O(C2H5),  results  from  the  action  of 
aqueous  ammonia  on  ethyl  carbonate.  It  is  also  formed  by  the  action  of 
alcohol  at  100°  C.  on  urea  or  urea  nitrate,  and  may  be  obtained  by  other 
reactions.  Traces  of  urethane  exist  in  urine.  Ethyl  carbamate  melts  at 
about  50°,  and  distils  at  182°.  It  is  sparingly  soluble  in  water,  but  readily 
soluble  in  alcohol  and  in  ether.  Treated  in  the  cold  with  alcoholic  potash, 
it  yields  crystals  of  potassium  cyanate,  KNCO.  When  heated  with 
ammonia,  urethane  is  converted  into  urea. 

Phenyl-urethane,  NH(C6H5).CO.O(C2H5),  has  been  employed  medicinally, 
as  an  antipyretic  and  antirheumatic,  under  the  name  of  "euphorin." 
(Part  ii.  page  72.)  Acetyl  and  propionyl  derivatives  of  oxyphenyl-urethane, 
have  been  prepared  and  proposed  as  remedies  by  E.  Merck. 
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2.  Liebig  and  Wohler's  classical  method  of  preparing  urea 
affords  an  interesting  example  of  rearrangement  of  the  atoms  in 
the  molecule.  Both  ammonium  cyanate  and  urea  have  an  element- 
ary composition  corresponding  to  the  empirical  formula  : — CH4N20. 
On  evaporating  an  aqueous  solution  of  ammonium  cyanate  at 
the  temperature  of  boiling  water,  the  salt  suffers  molecular  change 
into  urea,  according  to  the  equation: — CN.O(NH4)==CO(]SH2)2. 
The  conversion  is  never  quite  complete.  The  reverse  reaction  occurs 
to  a  limited  extent  when  an  aqueous  solution  of  urea  is  boiled,  and 
more  completely  if  silver  nitrate  be  added  (compare  page  251). 

In  carrying  out  Liebig's  reaction  in  practice,  it  is  not  necessary  to 
operate  on  pure  ammonium  cyanate.  Potassium  cyanate  in  strong 
aqueous  solution  is  treated  with  an  equal  weight  of  ammonium 
sulphate,  and  the  whole 
evaporated  to  dryness  on 
the  water-bath.  The  pro- 
duct is  boiled  with  strong 
alcohol,  which  dissolves  the 
urea,  leaving  a  residue  of 
potassium  and  ammonium 
sulphates.  On  concentrating 
and  cooling  the  alcoholic 
solution,  crystals  of  urea  are 
deposited.  Instead  of  em- 
ploying potassium  cyanate 
previously  prepared,  it  may 
be  extemporised  by  heating 
a  mixture  of  28  parts  of 
dehydrated  potassium  ferro- 
cyanide  and  14  parts  of 

manganese  dioxide  in  an  iron  vessel  till  it  becomes  sticky.  The 
product  is  extracted  with  cold  water,  evaporated  to  dryness  with 
20 '5  parts  of  ammonium  sulphate,  and  the  residue  extracted  with 
alcohol  as  before. 

J.  Williams  (Jour.  diem.  Soc.,  xxi.  63)  has  proposed  to 
employ  lead  cyanate  in  place  of  the  potassium  salt.1  It  is  digested 

1  The  lead  cyanate  is  prepared  by  fusing  the  best  commercial  cyanide  of  potas- 
sium at  a  very  low  red  heat  in  a  shallow  iron  vessel,  and  gradually  adding 
red  lead,  in  small  quantities  at  a  time,  with  constant  stirring,  so  as  to  avoid 
much  rise  of  temperature.  The  product  is  poured  out,  finely  powdered, 
exhausted  with  successive  portions  of  cold  water,  the  solution  filtered,  and 
barium  nitrate  added.  The  liquid  is  filtered  from  the  precipitate  of  barium 
carbonate,  and  treated  with  lead  nitrate.  The  precipitated  lead  cyanate  is 
washed  thoroughly  and  dried  at  a  gentle  heat. 


Fig.  7.— UREA,  a,  quadrilateral  prisms ;  6,  in- 
definite crystals,  as  deposited  from  alcoholic 
solutions. 
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with  water  and  an  equivalent  quantity  of  ammonium  sulphate  at 
a  gentle  heat,  the  liquid  filtered  from  the  insoluble  lead  sulphate, 
and  the  filtrate  evaporated  to  the  crystallising  point. 

3.  Urea  has  been  obtained  by  passing  a  current  of  air  mixed 
with  ammonia  and  benzene  vapour  over  heated  platinum  wire 
(Jour.  Chem.  Soc.,  xxxix.  471),  and  by  passing  ammonia  and 
carbon  dioxide  through  a  red-hot  tube. 

Urea  forms  transparent,  colourless,  four-sided,  somewhat  hygro- 
scopic anhydrous  prisms  (fig.  7).  It  is  odourless  and  possesses  a 
cooling  saline  taste,  like  that  of  nitre.  When  heated  to  132°  C. 
urea  melts,  and  at  150°  to  160°  decomposes  with  evolution  of 
ammonia  and  formation  of  biuret,  CgHgNgO^1  which  on 
further  heating  splits  into  ammonia  and  ammonium  cyanate, 
leaving  a  residue  containing  melanuric  acid,  C3N3(OH)2NH2, 
arid  cyanuric  acid,  C3H3N303,  which  bears  a  much  stronger 

1  BIURET,  NH:(CO.NH2)2,  is  formed  when  urea  is  heated  to  150°-160°,  until 
the  fused  substance  becomes  pasty  and  ceases  to  evolve  ammonia.  On  treat- 
ing the  product  with  hot  water,  cyanuric  acid  remains  undissolved,  and 
biuret  crystallises  out  on  (concentrating  and)  cooling  the  filtrate.  It  may  be 
purified  by  re-solution  in  hot  water  and  precipitation  with  dilute  ammonia. 

Biuret  crystallises  from  water  in  long,  white,  acicular  crystals,  containing 
1  aqua  ;  or  from  alcohol  in  anhydrous  laminse.  It  is  sparingly  soluble  (1:65) 
in  cold  water,  but  very  readily  (45:100)  in  boiling  water,  and  is  easily  soluble 
in  alcohol.  Biuret  is  dissolved  unchanged  by  cold  concentrated  sulphuric  acid. 

Biuret  in  aqueous  solution  is  not  precipitated  by  tannin,  nor  by  solutions 
of  lead  or  silver.  Its  most  characteristic  reaction  is  the  production  of  a  red 
or  violet  solution  (the  tint  varying  with  the  relative  proportions  of  biuret 
and  the  reagent  employed),  on  adding  caustic  soda  and  a  few  drops  of  a  solu- 
tion of  cupric  sulphate  or  Fehling's  solution.  This  test,  often  referred  to  as 
"the  biuret  reaction,"  affords  a  valuable  means  of  detecting  urea  (compare 
page  254). 

Biuret  is  a  weak  base,  forming  salts  readily  decomposed  by  water.  The 
cyanurate,  B,C3H3N303,  is  deposited  in  needles  during  the  preparation 
of  biuret.  It  differs  from  urea  cyanurate,  for  which  it  has  been  mistaken, 
by  giving  3NH3  instead  of  2NH3  when  boiled  with  baryta-water,  and  in 
evolving  14'8  per  cent,  of  nitrogen  instead  of  11  '5  percent,  when  treated  with 
alkaline  hypobromite. 

When  heated  to  a  temperature  above  170°,  biuret  is  decomposed  into 
ammonia  and  cyanuric  acid.  Heated  in  a  current  of  hydrochloric 
acid  gas,  it  yields  cyanuric  acid,  urea,  and  guanidine,  together  with 
ammonia  and  carbon  dioxide:— 


Biuret.  Guanidine. 

According  to  Fenton,  on  treatment  with  alkaline  hypobromite,  biuret 
gives  off  two-thirds  of  the  total  nitrogen  in  the  gaseous  state,  but  with 
hypochlorite  only  one-third  of  the  nitrogen  is  stated  to  be  evolved. 
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heat  without  change.1  In  a  vacuum,  urea  distils  unchanged  at 
135°. 

Urea  is  soluble  in  an  equal  weight  of  cold  water,  and  in  a  much 
less  quantity  at  1  00°.  It  is  also  readily  soluble  in  alcohol,  and 
dissolves  in  amylic  alcohol,  but  it  is  nearly  insoluble  in  ether,  and 
quite  so  in  chloroform  and  volatile  oils. 

At  the  ordinary  temperature,  an  aqueous  solution  of  pure  urea 
has  practically  no  tendency  to  change,  but  on  boiling,  a  certain 
reversion  to  ammonium  cyanate  takes  place.  The  transformation 
ceases  in  about  an  hour,  when  the  decomposition  is  between  4  and 
5  per  cent.  (Walker  and  Hambly,  Jour.  Chem.  Soc.,  Ixvii.  749). 
When  heated  with  water  under  pressure,  urea  undergoes  hydro- 
lysis, with  formation  of  ammonium  carbonate  :  —  CH4N20  +  2H20  = 
(NH4)2C03.  In  the  urine,  where  the  urea  is  associated  with 
putrescible  organic  matter,  it  readily  undergoes  a  similar  change, 
which  is  the  cause  of  the  alkaline  reaction  of  putrid  urine.  The 
ammoniacal  fermentation  of  urine  has  been  found  to  be  due  to 
the  action  of  an  organised  ferment  (Torula  ureie)  in  the  urine. 
This  change  is  set  up  by  contact  with  the  stomachs  of  men,  dogs, 
or  rabbits,  and  has  been  often  occasioned  in  the  bladder  by  the 
introduction  of  a  septic  catheter. 

Urea  also  yields  ammonia  when  fused  with  caustic  alkali  or 
ignited  with  soda-lime,  a  carbonate  being  formed  at  the  same 
time.  When  heated  with  a  strong  mineral  acid,  urea  similarly 
forms  an  ammoniacal  salt,  carbon  dioxide  being  evolved. 

Pure  concentrated  nitric  acid  combines  with  urea  without 
decomposing  it,  but  if  the  acid  contain  nitrous  acid  the  urea  is 

1  Drechsel  (Jour.  praJct.  Chem.  [2],  ix.  284)  gives  the  following  for- 
mulae in  illustration  of  the  action  of  heat  upon  urea:  — 


a. 

Biuret. 


b. 

Cyanic          Ammonium 
acid.  Cyanate. 


Cyanamide. 

d.  CKOH  +  HaO=C02  +  NH3 

e.  C02  +  2NH3  =  CO(NH2).COO(NH4) 

Ammonium  carbamate. 

/.  2CN.OH.  +  CN.NH,  =  C3N8(OH)aNHa 
Malanuric  acid. 

g.  3CN.OH  =  C3N3(OH)3 

Cyanuric  acid. 
h.  3C2H5N302  =  3NH3  +  2 

Biuret.  Cyanuric  acid. 
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resolved  into  water,  nitrogen,  and  carbon  dioxide,  according  to  the 
following  equation :— CH4N20  +  N"208  =  2H20  +  2N2  +  C02.  With 
Millon's  reagent  the  reaction  occurs  promptly  and  completely,  and 
may  be  employed  for  the  determination  of  urea. 

Chlorine,  bromine,  hypochlorites,  and  hypobromites  decompose 
solutions  of  urea  with  evolution  of  nitrogen.  One  of  the  best 
practical  methods  of  determining  urea  in  urine  is  based  on  this 
reaction  (page  263). 

A  compound  of  urea  with  sodium  chloride,  of  the  formula 
CH4N20,NaCl,H20,  separates  in  brilliant  rhombic  crystals  when 
mixed  solutions  of  urea  and  common  salt  are  evaporated.  This 
compound  sometimes  crystallises  from  concentrated  human  urine. 

SALTS  OF  UREA. 

Urea  is  a  somewhat  feeble  base.  It  forms  a  well-defined  series 
of  salts,  all  of  which  are  more  or  less  soluble.  Many  of  them  are 
decomposed  by  excess  of  water,  and  the  aqueous  solutions  are  in 
all  cases  acid  to  litmus.  The  nitrate  and  oxalate  of  urea  crystal- 
lise well,  and  are  employed  for  the  isolation  and  detection  of 
urea.  Urea  also  combines  with  metallic  salts,  the  compounds 
being  mostly  soluble,  with  the  exception  of  those  with  mercuric 
nitrate. 

Urea  Nitrate,  CH4N20,HN03,  separates  in  crystals  when  mode- 
rately strong  nitric  acid  is  added  to  a  concentrated  aqueous  solution 
of  urea,  and  the  liquid  cooled.  The  compound  forms  brilliant 
white  scales  or  plates,  or,  if  the  deposition  is  slow,  prismatic 
crystals.  When  nitric  acid  and  urea  are  brought  together  on  a 
microscope-slide,  and  the  reaction  observed  under  a  low  power, 
the  formation  of  obtuse  rhombic  octahedra  is  first  noticed,  the 
angles  being  constantly  82°.  These  octahedra  change  to  rhombic 
and  hexagonal  tables,  either  separate  or  superposed  (see  fig.  8,  a), 
but  also  having  angles  of  82°.  For  the  formation  of  nitrate  of 
urea  from  normal  urine,  it  is  sufficient  to  concentrate  the  liquid  to 
about  one-fourth  of  its  volume,  filter  after  cooling  from  the  pre- 
cipitated urates,  &c.,  and  add  nitric  acid  to  the  cold  filtrate. 
Nitrate  of  urea  is  unalterable  in  the  air.  It  is  readily  soluble  in 
water,  forming  a  solution  of  acid  reaction  and  taste.  It  is  also 
soluble  in  alcohol,  but  only  very  slightly  soluble  in  presence  of 
nitric  acid.  Oxalic  acid  precipitates  urea  oxalate  from  concen- 
trated solutions  of  the  nitrate. 

Urea  Oxalate,  (CH4N20)2,C2H204,  is  readily  formed  on  mixing 
concentrated  solutions  of  urea  and  oxalic  acid.  From  urine  it  may 
be  prepared  by  adding  oxalic  acid  to  the  concentrated  and  filtered 
liquid.  Urea  oxalate  forms  thin  crystalline  plates  (see  fig.  8,  b), 
usually  grouped  together,  but  sometimes  in  well-formed  separate 
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crystals.  Its  microscopic  appearance  is  not  unlike  that  of  the 
nitrate  of  urea,  but  the  forms  are  less  characteristic,  and  the  angles 
are  different.  Oxalate  of  urea  is  soluble  with  difficulty  in  cold 
water,  but  dissolves  readily  at  a  boiling  heat.  It  is  less  soluble  in 
a  solution  of  oxalic  acid  than  in  pure  water.  The  salt  dissolves 
in  62  parts  of  alcohol,  but  is  quite  insoluble  in  amylic  alcohol. 
Hence,  if  a  solution  of  urea  in  amylic  alcohol  (such  as  will  result 
from  evaporating  urine  to  dryness,  heating  the  residue  with  amylic 
alcohol,  and  filtering)  be  treated  with  a  cold  saturated  solution  of 
oxalic  acid  in  amylic  alcohol,  urea  oxalate  will  be  precipitated  in 
small  crystals  (see  further,  page  256). 

B,HC1  is  a  very  deliquescent  crystalline  mass,  formed  by  the 
action  of  hydrochloric  acid  gas  on  urea.  It  is  decomposed  by 
water  into  its  constituents.  B,HAuCl4,+  l  aqua  forms  orange- 


Fig.  8.— a,  UREA  NITRATE  ;  6,  UREA  OXALATE. 

red  prisms  or  needles,  very  soluble  in  water,  alcohol,  and  ether. 
B2,H2PtCl6,2aq  forms  yellow  needles,  very  soluble  in  hot  water. 
B,H3P04  is  obtained  in  large,  very  soluble,  rhombic  crystals  on 
evaporating  pig's  urine  or  mixed  solutions  of  urea  and  phosphoric 
acid. 

Urea  does  not  appear  to  form  any  definite  compound  with  uric 
acid,  but,  according  to  Klemperer  (Pharm.  Zeit.,xli.  30)  urea  is 
more  efficacious  than  piperazine,  or  lysidine  (pages  198,  200),  as 
a  physiological  diuretic  and  solvent  of  uric  acid. 

DETECTION  OF  UREA. 

Urea  produces  no  precipitate  with  tannin  or  other  general 
reagents  for  the  alkaloids.  It  gives  no  reaction  with  either  neutral 
or  basic  lead  acetate,  and  does  not  reduce  Fehling's  solution 
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even  on  boiling.  It  gives  no  colour-reactions  with  oxidising 
agents. 

If  a  fragment  of  solid  urea  be  moistened  with  a  concentrated 
solution  of  furfurol,  and  a  drop  of  strong  hydrochloric  acid 
(sp.  gr.  I'lO)  be  then  added,  a  fine  violet  coloration  is  produced 
(Schiff,  flericftfe,x.  774). 

If  a  residue  containing  urea  be  heated  for  some  time  to  a  tem- 
perature not  exceeding  160°  C.,  the  product  will  contain  biuret. 
On  dissolving  it  in  water,  adding  caustic  soda,  and  then  dropping 
in  a  dilute  solution  of  cupric  sulphate,  a  violet  or  red  coloration 
will  be  produced  if  urea  were  originally  present. 

If  an  aqueous  solution  of  urea  be  heated  with  silver  nitrate,  a 
white  precipitate  of  silver  cyanate  is  formed,  soluble  in  boil- 
ing water,  while  the  filtered  liquid  is  found  to  contain  ammonium 
nitrate  :— CO  :N2H4  +  AgN03  =  CN.  AgO  +  NH4N03. 

For  the  recognition  of  urea  in  dilute  aqueous  solution 
Bloxam  has  suggested  the  following  method: — If  a  nitrate  be 
present,  add  a  few  drops  of  ammonium  chloride  solution,  but  if 
absent,  acidulate  the  liquid  with  hydrochloric  acid.  Evaporate 
the  solution  to  dryness  in  a  watch-glass,  and  heat  the  residue 
cautiously  as  long  as  thick  white  fumes  are  evolved.  Dissolve  the 
cooled  residue  in  a  drop  or  two  of  ammonia,  add  a  drop  of  barium 
chloride,  and  stir.  If  urea  were  present,  crystalline  streaks  of 
barium  cyanu rate  will  be  formed  in  the  track  of  the  glass 
rod. 

Musculus  (Compt.  rend.,  Ixxviii.  132)  has  proposed  to  detect 
the  presence  of  urea  in  a  liquid  by  introducing  a  test-paper  pre- 
pared by  filtering  fermenting  urine  and  drying  the  filter-paper 
employed  at  a  temperature  of  35°  to  40°  C.  The  paper  entraps  the 
special  torulaceous  ferment  (Torula  urece)  observed  by  Pasteur 
and  Yan  Tieghem,  which  assumes  the  form  of  small  spheres 
and  transforms  urea  into  ammonium  carbonate.  The  paper  thus 
prepared  can  be  kept  in  a  dry  state  for  several  weeks  without 
losing  its  activity.  To  determine  urea,  slips  of  the  impregnated 
paper  are  introduced  into  the  exactly  neutralised  liquid,  and 
after  a  lapse  of  six  hours  the  ammonia  generated  is  determined 
by  titration  with  standard  acid.  By  impregnating  the  prepared 
paper  with  turmeric,  it  may  be  employed  for  the  qualitative  detec- 
tion of  urea;  for  a  solution  of  urea  in  1000,  or  even  in  10,000, 
parts  of  water  causes  the  paper  to  become  more  or  less  brown 
after  an  immersion  of  a  few  minutes.  Proteids  give  no  ammonia 
till  after  a  long  interval  of  time,  and  uric  acid,  xanthine,  hypo- 
xanthine,  &c.,  are  unaffected  by  the  ferment. 

On  mixing  a  solution  of  urea  with  one  of  neutral  mercuric 
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nitrate,  a  white  flocculent  precipitate  is  obtained.  This  has  a 
composition  dependent  on  the  concentration  of  the  liquid,  contain- 
ing, according  to  the  conditions  of  its  formation,  1,  1J,  or  2 
molecules  of  mercuric  oxide  to  1  of  urea.  If,  however,  the  addi- 
tion of  the  mercuric  nitrate  be  continued  as  long  as  precipitation 
occurs,  and  sodium  bicarbonate  be  added  in  quantity  sufficient  to 
neutralise  the  nitric  acid  set  free,  the  precipitate  has  the  composi- 
tion CH4N2O,2HgO.  The  end  of  the  reaction  is  indicated  by  the 
yellow  colour  developed  from  the  formation  of  basic  nitrate  of 
mercury.  Liebig's  method  of  determining  urea  is  based  on 
this  reaction  (see  page  259).  The  mercuric  oxide  compounds  of 
urea  are  decomposed  by  sulphuretted  hydrogen  with  precipitation 
of  mercuric  sulphide  and  liberation  of  urea,  a  fact  which  may  be 
utilised  for  the  isolation  of  the  base  from  urine. 

Urea  is  not  precipitated  by  a  solution  of  mercuric  chloride. 
The  addition  of  mercuric  nitrate  to  a  soluble  chloride  results 
potentially  in  the  formation  of  mercuric  chloride.  As  sodium 
chloride  is  present  in  urine,  mercuric  nitrate  produces  no  precipi- 
tate of  Liebig's  compound  in  that  liquid  until  sufficient  has  been 
added  to  react  fully  with  the  chloride  present.  On  this  fact 
Liebig  based  a  method  for  determining  chlorides  in  urine. 

Mercuric  acetate  gives  no  precipitate  with  urea  in  the  cold,  and 
the  separation  is  very  incomplete  on  boiling. 

The  recognition  of  urea  in  animal  fluids  is  usually  based  on  the 
preparation  of  the  nitrate  or  oxalate.  If  the  quantity  of  urea 
present  is  sufficient  for  the  preparation  of  these  salts  in  such 
amount  as  to  allow  a  study  of  their  properties,  the  determination 
of  urea  can  be  effected.  On  the  other  hand,  if  the  quantity  of 
urea  present  be  very  minute,  as  in  the  case  of  blood  and  of  all 
secretions  and  excretions  other  than  urine,  it  is  not  always  easy  to 
avoid  error. 

For  the  detection  of  urea  in  blood-serum  or  other  serous  fluids, 
the  liquid  should  be  mixed  with  three  or  four  measures  of  alcohol, 
which  precipitates  the  albuminous  matters.1  The  filtered  liquid 
is  evaporated  on  the  water-bath,  and  the  residue  exhausted  with 
absolute  alcohol.  The  alcoholic  solution  is  evaporated  on  a  watch- 
glass,  and  if  foreign  matters  show  themselves,  the  treatment  with 
absolute  alcohol  is  repeated.  The  extract  is  evaporated  nearly  to 
dryness  on  a  watch-glass,  the  residue  taken  up  with  water,  and  any 
phosphates  precipitated  by  addition  of  baryta-water.  Carbon  dioxide 
is  passed  through  the  filtered  liquid,  which  is  then  boiled,  again 

1  In  some  cases  it  is  desirable  to  effect  a  preliminary  separation  of  the 
bulk  of  the  proteids  by  acidulating  the  liquid  with  acetic  acid  and 
boiling. 
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filtered,  and  evaporated  on  the  water-bath  to  a  syrup.  The 
residue  is  divided  into  two  or  three  portions,  which  are  treated 
respectively  with  nitric  acid  and  with  oxalic  acid,  and  the  products 
examined  under  the  microscope  for  the  recognition  of  the  char- 
acteristic crystalline  forms  of  urea  nitrate  and  oxalate,  as  shown 
in  figs.  8a  and  8b  (page  253). 

In  carrying  out  the  foregoing  process,  it  is  very  important  to  study 
carefully  the  crystals  supposed  to  be  urea  nitrate,  and,  whenever 
possible,  to  dissolve  and  test  them  with  mercuric  nitrate.  Under 
certain  conditions,  and  especially  in  presence  of  extractive  matters, 
one  may  meet  with  nitrates  of  alkali-metals  which  resemble  in 
their  microscopic  appearance  the  crystals  of  nitrate  of  urea.  The 
inorganic  salts  are  distinguished  from  the  latter  by  their  behaviour 
on  ignition,  and  by  the  presence  of  a  notable  quantity  of  potassium 
or  sodium  in  the  ash,  which  will  have  an  alkaline  reaction.  On 
the  other  hand,  if  a  crystal  of  true  nitrate  of  urea  be  dissolved  in 
water  and  treated  with  a  concentrated  solution  of  oxalic  acid  (which 
may  be  effected  under  the  microscope),  crystals  of  oxalate  of  urea 
will  be  gradually  formed. 

The  value  of  oxalic  acid  as  a  reagent  for  the  isolation  and 
recognition  of  urea  is  considerably  enhanced  if  advantage  be  taken 
of  the  sparing  solubility  of  urea  oxalate  in  a  mixture  of  alcohol 
and  ether.  A  still  better  method  is  to  heat  the  alcoholic  extract 
to  be  tested  with  a  small  quantity  of  amyl  alcohol,  and  then  treat 
the  solution,  decanted  or  filtered  if  necessary,  with  a  cold  saturated 
solution  of  oxalic  acid  in  amyl  alcohol.  The  urea  oxalate  is  pre- 
cipitated in  small  crystals,  which  redissolve  on  warming  the  liquid, 
and  on  cooling  separate  out  in  a  condition  suitable  for  microscopic 
examination.  The  process  may  be  modified  by  treating  the  solu- 
tion of  urea  in  amylic  alcohol  with  one  of  oxalic  acid  in  anhy- 
drous ether.  Precipitation  takes  place  abundantly  and  quickly, 
but  the  crystals  are  usually  small  and  imperfect.  The  oxalic 
acid  may  be  added  in  powder,  the  liquid  heated  and  thoroughly 
cooled,  and  the  excess  of  oxalic  acid  removed  from  the  precipitate 
by  treatment  with  anhydrous  ether.  The  method  is  capable  of 
being  employed  quantitatively.  The  amylic  alcohol  used  in  the 
process  must  not  develop  a  red  or  brown  colour  with  oxalic  acid, 
and  should  be  free  from  water  and  ethylic  alcohol. 

DETERMINATION  OP  UREA. 

The  determination  of  the  urea  contained  in  urine  is  often  of 
great  physiological  and  pathological  interest,  since  the  whole  of  the 
nitrogen  contained  in  the  effete  nitrogenised  tissues  and  of  the 
food  digested  is  ultimately  eliminated  by  the  kidneys. 

From  85  to   90  per  cent,  of  the  total  nitrogen  contained  in 
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normal  human  urine  exists  in  the  form  of  urea,1  the  remainder 
being  divided  between  uric  acid,  hippuric  acid,  xanthine, 
creatinine,  &c.  In  the  urine  of  herbivorous  mammals  the  uric 
acid  is  replaced  by  hippuric  acid,  while  the  nitrogen  of  birds 
and  reptiles  is  eliminated  chiefly  in  the  form  of  uric  acid  instead 
of  as  urea. 

As  urea  is  the  predominant  nitrogenous  constituent  of  normal 
human  urine,  it  is  evident  that  for  many  purposes  its  determina- 
tion will  afford  sufficient  information  as  to  the  amount  of  nitrogen 
passing  away  in  the  urine. 

In  view  of  Schroder's  hypothesis  that  the  liver-cells  form  urea 
from  ammonium  carbonate,  Morner  and  Sjoquist  (Skandinav. 
Archiv.  PhysioL,  ii.  438  •  abst.  Jour.  Chem.  Soc.,  1891,  page  758) 
have  determined  the  relative  amounts  of  urea  and  ammonia  in  the 
urine  excreted  in  various  liver  diseases.  In  cases  of  cirrhosis, 
syphilis,  and  cancer  of  the  liver  there  was  an  increased  amount 

1  W.  C  a  merer  (Zcit.  Biol.,  xxiv.  306;  Jour.  Chem.  Soc.,  liv.  518)  has 
recorded  the  amount  of  total  nitrogen  contained  in  normal  urine,  and  has 
compared  it  with  that  eliminated  in  the  form  of  urea.  Thus  the  mixed  urine 
from  a  number  of  persons  measured  on  the  average  1840  c.c.,  had  a  specific 
gravity  of  1 '016,  and  contained  : — 

Total  nitrogen,       .         .       16*06  grammes  per  diem.  =  0*873  per  cent. 
Nitrogen  as  urea,   .         .       14'15  ,,  =0769       ,, 

Nitrogen  in  other  forms,         1*91  ,,  =0104       ,, 

The  result  of  a  large  number  of  observations  by  Russell  and  West 
(Proc.  Royal  Soc.,  xxx.  439)  on  various  cases  of  disease  was  to  prove  that  the 
relation  of  the  ureal  to  the  total  nitrogen  of  urine  is  approximately  constant, 
except  in  rare  cases  of  acute  yellow  atrophy  of  the  liver  ;  and  even  in  these  it 
is  doubtful  whether  the  observed  replacement  of  the  urea  by  leucine  and 
tyrosine  is  a  constant  phenomenon.  In  a  case  of  acute  fatty  atrophy  of 
the  liver  the  urea  was  still  normally  formed,  while  leucine  and  tyrosine 
were  absent.  The  following  percentages  of  the  total  nitrogen  existed  as  urea, 
according  to  the  observations  of  Russell  and  West,  which  were  obtained  by 
the  hypobromite  process  : — 

Pneumonia  (6  cases),  90  per  cent.;  jaundice  (Case  1),  85*7  ;  jaundice  (Case 
2),  90*2;  albuminuria  (2  cases),  86'0;  collected  cases,  93'8;  dieted  cases, 
90*1  ;  and  mean  of  all,  89*3  per  cent.  The  mean,  excluding  the  jaundice  and 
albuminuria  cases,  was  91'3  per  cent. 

P  f  1  ii  g  e  r  and  B  o  h  1  a  n  d  found  that  13  *4  per  cent,  of  the  total  nitrogen  of 
urine  was  in  forms  other  than  urea.  K.  B  o  h  1  a  n  d  (Pflugers  Archiv.,  xliii. 
30),  by  improved  methods  of  determination,  obtained  from  thirteen  series  of 
urines,  many  of  them  from  patients  suffering  from  fevers,  the  following  mean 
results  : — 15 '54  per  cent,  of  the  total  nitrogen  did  not  exist  as  urea  ;  0*065 
was  present  as  pre-formed  ammonia;  6*51  per  cent,  was  precipitated  by 
phospho-tungstic  acid,  and  4*40  was  contained  in  the  filtrate. 
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of  ammonia  and  a  lessened  amount  of  urea  found  ;  but  in  cases 
where  no  liver  disease  was  present  an  increase  of  ammonia  in  the 
urine  was  sometimes  noted ;  for  instance,  in  a  case  of  fatty  heart, 
one  of  pyopneumothorax,  and  especially  in  a  case  of  tetanus.  In 
these  researches,  Morner  and  Sjoquist  determined  the  urea  by  the 
method  described  on  page  278. 

The  amount  of  urea  excreted  in  the  urine  varies  considerably 
with  the  diet,  being  increased  by  nitrogenous  foods.  The  weight 
of  urea  excreted  per  diem  by  an  adult  man  on  mixed  diet  ranges 
from  25  to  40  grammes,  the  average  being  about  33  grammes 
(500  grains).  On  a  diet  poor  in  proteids  the  excretion  of  urea 
may  fall  to  15  to  20  grammes,  while  on  a  flesh  diet  the  daily 
output  may  rise  to  100  grammes.  The  proportion  of  urea  in 
human  urine  averages  about  2  per  cent.,  but  dog's  urine  is  stated 
to  contain  10  per  cent. 

A  large  excretion  of  urea,  if  long  continued,  points  to  increased 
tissue-metabolism  or  to  surplus  nitrogenous  ingesta,  but  a  temporary 
increase  may  be  simply  due  to  increased  urination.  Similarly, 
diminished  excretion  of  urea  may  be  due  to  diminished  metabolism 
or  to  retention  of  urea  in  the  system  (as  in  uraemia).1 

A  great  number  of  methods  have  been  devised  for  the  deter- 
mination of  urea,  and  of  these  the  following  deserve  notice  : — 

1.  The  precipitation  of  urea  in  the  form  of  oxalate  is  a  con- 
venient way  of  isolating  the  base  from  complex  mixtures,  and 
under  certain  conditions  gives  very  fair  results.  The  best  method 
of  applying  it  has  already  been  described  (see  page  256). 

1  A  great  number  of  observations  have  been  recorded  of  the  influence  of 
drugs,  diseases,  and  other  conditions  on  the  proportion  of  urea  excreted.  The 
results  have  been  classified  by  W.  D.  Halliburton  (Chemical  Physiology 
and  Pathology,  1891)  as  follow  :— 

An  increased  excretion  of  urea  occurs : — 

1.  After  administration  of  dilute  sulphuric  acid,  potassium  chloride,  am- 
monium salts  (especially  with  food),  small  doses  of  phosphorus,  arsenic, 
antimony,  morphine,  codeine,  or  large  doses  of  quinine.  2.  After  poisoning 
by  phosphorus  or  arsenic.  3.  From  application  of  cold  to  the  skin  ;  after  hot 
baths  ;  from  increase  of  oxygen  inhaled  ;  from  excessive  muscular  work.  4. 
In  diseases,  as  at  the  commencement  of  acute  febrile  diseases,  up  to  the  acme 
of  the  fever  ;  during  the  paroxysms  of  intermittent  fever  (ague) ;  in  diabetes. 

A  decreased  excretion  of  urea  occurs : — 

1.  After  administration  of  small  doses  of  quinine.  2.  During  the  sinking 
of  the  fever  in  acute  febrile  diseases  ;  in  most  chronic  and  debilitating  diseases 
(anaemia,  syphilis,  phthisis,  dropsical  affections,  &c.);  towards  the  fatal 
termination  of  most  diseases  (5  to  6  grammes  daily) ;  in  uraemia  (when  the 
excretion  may  entirely  cease) ;  in  diabetic  coma ;  and  in  all  degenerative 
changes  of  the  liver,  especially  in  acute  yellow  atrophy. 
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2.  Urea  is  converted  into  ammonia  when  heated  with  strong 
sulphuric  acid.     The  reaction  having  been  effected,  the  ammonia 
may  be  determined  by  any  known  method.     Thus,  it  may  be  dis- 
tilled off  after  addition  of  soda  or  lime,  and  the  distillate  titrated 
with  standard  acid ;  or  the  resultant  ammonia  may  be  converted 
into  chloroplatinate.     In  accurate  experiments  on  urine  the  uric 
acid  should  be  previously  separated. 

3.  Bunseris  method  of  determining  urea  is  capable  of  yielding 
very  accurate  results.     Benzoic  and  sulphuric  acids,  ammoniacal 
salts  (other    than    ammonium    carbonate),  glucose,  albumin,  and 
extractive  matters  do  not  interfere  with  the  estimation.    Carbonates 
must  be  got  rid  of  by  heating  the  slightly  acidulated  urine  to  boil- 
ing, and  in  accurate  experiments  interfering  bodies  should  be  pre- 
cipitated by  phospho-tungstic  acid.     The  method,  as  applied  by 
Bunge  to  urine,  is  as  follows  : — 30  c.c.  measure  of  urine  is  treated 
with  10  c.c.  of  a  cold  saturated  solution  of  barium  chloride  contain- 
ing some  ammonia.     The  liquid  is  passed  through  a  dry  filter,  and 
20  c.c.  of  the  filtrate  (=15  c.c.  of  urine)  are  introduced  into  a 
stout  glass  tube  containing  about  3  grammes  of  solid  and  chemi- 
cally pure  barium  chloride.     The  tube  is  then  sealed  and  heated 
to  a  temperature  of  220°  C.  (160°  is  sufficient)  during  four  hours. 
The  barium  carbonate  formed  is  transferred  to  a  filter,  washed, 
and  dissolved  in  hydrochloric  acid,  together  with  the  portion  which 
adheres  to  the  interior  of  the  tube.     The  solution  is  diluted,  pre- 
cipitated by  dilute  sulphuric  acid,  and  the  resultant  barium  sul- 
phate is  collected  and  weighed.     Its  weight,  multiplied  by  1*717, 
gives  the  grammes  of  urea  in  the  100  c.c.  of  the  sample  of  urine. 

4.  Liebigfs  volumetric  method   for    the   determination   of    urea 
in  urine  is  based  on  the  fact  that  on  adding  a  neutral  solution  of 
mercuric  nitrate  to  one  of  urea  a  compound  is  produced  containing 
one  molecule  of  urea  to  two  of  mercuric  oxide  (page  255).    This 
body  is  white,  and  nearly  insoluble  in  water.     By  employing  a 
standard  solution  of  mercuric  nitrate,  and  using  sodium  bicarbonate 
to  indicate  the  end  of  the  reaction,  the  volumetric  determination  of 
urea  becomes  possible.     There   are,  however,  various  sources  of 
error  in  the  process,  which,  if  not  carefully  avoided  or  allowed  for, 
may  cause  serious  deviations  from  the  truth.     The  following  condi- 
tions must  therefore  be  complied  with.     Phosphates  must  be  pre- 
viously removed  by  treating  the  urine  with  a  suitable  precipitant. 
Chlorides  prevent  the  precipitation  of  the  urea  compound,  until 
sufficient  mercury  solution  has  been  added  to  convert  them  into 
mercuric  chloride.     An  allowance  for  this  purpose  must  accord- 
ingly be  made.     Nitric  acid  is  liberated  in  the  reaction,  and  must 
be  neutralised  during  the  titration.     The  manner  of  effecting  this 
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is  not  a  matter  of  indifference,  the  best  plan  being  that  of  Pf  1  tiger, 
who  prescribes  the  following  way  of  employing  Liebig's  method 
of  titrating  urine  for  the  content  of  urea  : — 40  c.c.  of  the  filtered 
urine,  free  from  albumin,  should  be  treated  with  20  c.c.  of  a  mix- 
ture of  two  measures  of  cold  saturated  baryta- water  with  one  of  a 
saturated  solution  of  barium  nitrate.  The  liquid  is  passed  through 
a  dry  filter  to  separate  the  precipitated  phosphates,  sulphates,  car- 
bonates, magnesia,  &c.,  and  15  c.c.  of  the  clear  filtrate  (=10  c.c. 
of  urine)  made  just  neutral  to  litmus  by  cautious  addition  of  nitric 
acid.  If  the  filtrate  be  not  alkaline,  insufficient  barium  solution 
has  been  used,  and  a  fresh  experiment  should  be  commenced  by 
mixing  20  c.c.  of  urine  with  an  equal  measure  of  the  barium 
solution,  and  taking  20  c.c.  of  the  filtrate. 

The  standard  solution  of  mercuric  nitrate  is  prepared  by  dis- 
solving 7 7 '2  grammes  of  mercuric  oxide  in  the  smallest  possible 
quantity  of  nitric  acid.1  The  excess  of  acid  should  be  exactly 
neutralised  by  adding  caustic  soda,  using  methyl-orange  as  an 
indicator,  and  the  solution  diluted  with  water  to  1  litre.  1  c.c. 
of  this  solution  represents  O'OIO  gramme  of  urea. 

The  phosphate-free  liquid  corresponding  to  10  c.c.  of  the  original 
urine  is  placed  in  a  beaker,  and  the  standard  solution  of  mercury 
gradually  added.  From  time  to  time  a  drop  of  the  liquid  con- 
taining the  suspended  white  precipitate  is  placed  on  a  glass  plate, 
so  as  just  to  touch  a  drop  of  a  thick  mixture  of  water  with  sodium 
bicarbonate.  The  glass  plate  should  be  placed  on  a  black  cloth. 
At  first  the  urine-mixture  will  retain  its  snow-white  colour,  but  a 
point  at  length  occurs  when  a  yellow  colour  is  produced  at  the 
junction  of  the  drops,  which  disappears  on  stirring  the  drops 
together  with  a  glass  rod.  Further  cautious  additions  of  the 
mercury  solution  are  made  till  a  permanent  faint  yellow  colour 
is  obtained.  A  solution  of  normal  sodium  carbonate  is  then  run 
into  the  beaker  in  quantity  sufficient  to  saturate  the  acid  set  free 
from  the  volume  of  mercury  solution  employed,  the  point  of 
neutrality  being  ascertained  by  litmus-paper  or  methyl-orange. 
Addition  of  the  mercury  solution  is  then  continued  till  a  drop  of 
the  liquid  gives  a  yellow  colour  with  the  indicator.  It  is  im- 
portant to  neutralise  the  liquid  as  soon  as  possible  after  the 
addition  of  the  mercury  solution ;  and  as  this  is  difficult  in  a  first 
experiment,  the  titration  should  be  repeated,  the  volume  of  mer- 
cury solution  previously  found  necessary  being  added  at  once,  and 

1  Or  96*855  grammes  of  mercuric  chloride  may  be  dissolved  in  water,  pre- 
cipitated by  excess  of  dilute  caustic  soda,  the  mercuric  oxide  washed  by 
decantation  till  free  from  chlorides,  and  dissolved  in  a  slight  excess  of  nitric 
acid. 
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immediately  followed  by  an  addition  of  the  proper  volume  of 
sodium  carbonate  solution.  A  very  small  further  addition  of  the 
mercury  solution  will  then  suffice  to  complete  the  reaction. 
Operating  in  this  way,  Pflitger  (Zeitschr.  anal.  Cliem.,  xix.  375) 
found  the  process  to  give  very  accurate  results,  but,  under  certain 
conditions,  corrections  become  necessary,  as  follow  : — 

Correction  for  concentration. — When  more  than  20  c.c.  of  mer- 
cury solution  has  been  found  necessary  for  10  c.c.  of  urine,  showing 
the  presence  of  more  than  2  per  cent,  of  urea,  1  c.c.  of  water 
should  be  added  to  the  ureal  solution  for  every  2  c.c.  of  mercury 
solution  employed  above  20  c.c.  Thus,  if  30  c.c.  have  been  used, 
the  15  c.c.  of  clarified  urine  should  be  diluted  with  5  c.c.  of 
water.  If  less  than  20  c.c.  of  mercury  solution  be  required,  for 
every  1  c.c.  under  that  volume  0*025  c.c.  should  be  deducted  from 
the  measure  of  standard  solution  actually  employed  before  calcu- 
lating to  urea. 

Correction  for  chlorides. — When  the  proportion  of  sodium 
chloride  exceeds  1  gramme  per  100  c.c.  of  the  urine,  a  deduction 
of  2  c.c.  should  be  made  from  the  total  quantity  of  mercury  solu- 
tion employed  before  calculating  to  the  equivalent  of  urea.  A 
more  accurate  plan  is  to  determine  the  chlorides  in  a  separate 
portion  of  the  urine,1  and  to  add  to  the  nitrate  from  the  baryta 

1  Direct  precipitation  of  urine  by  silver  nitrate  is  not  applicable  to  the 
determination  of  the  contained  chlorides,  since  much  organic  matter  is  thrown 
down  with  the  silver  chloride.  The  simplest  plan  generally  available  is  to 
evaporate  20  c.c.  of  the  urine  to  dry  ness  in  platinum  with  3  to  4  grammes  of 
potassium  nitrate  free  from  chlorides.  On  gently  heating  the  residue,  the 
organic  matter  is  oxidised  by  the  oxygen  of  the  nitre,  and  on  raising  the 
temperature  to  incipient  redness  complete  combustion  of  the  carbonaceous 
matter  results,  and  a  perfectly  white  product  is  obtained.  This,  when  cold, 
is  treated  with  hot  water,  the  solution  acidulated  with  nitric  acid,  a  little 
prepared  chalk  added,  and  the  whole  thoroughly  agitated  till  neutral  to 
litmus.  The  liquid  is  then  diluted  to  100  c.c.,  and  passed  through  a  dry 
filter.  Fifty  c.c.  of  the  filtrate  ( =  10  c.c.  of  the  original  urine)  should  then  be 
placed  in  a  porcelain  basin  and  two  drops  of  a  saturated  solution  of  neutral 
potassium  chromate  added.  A  standard  solution  of  silver  nitrate  containing 
29 '06  grammes  of  pure  AgN03  per  litre  is  then  gradually  added,  with  con- 
stant stirring,  until  the  lemon-yellow  colour  of  the  contents  of  the  basin 
changes  to  reddish-yellow.  This  point  indicates  the  conversion  of  the  whole 
of  the  chlorides  present  into  white  silver  chloride,  AgCl,  and  the  commence- 
ment of  the  formation  of  the  red  silver  chromate,  AgaCr04.  Every  1  c.c.  of 
the  silver  solution  used  represents  0 '010  gramme  of  sodium  chloride  in  the 
10  c.c.  of  urine  employed  (  =  0'100  gramme  per  100  c.c.).  Hence  if  7'0  c.c. 
be  required,  the  urine  contains  0'70  per  cent.,  which  figure,  multiplied  by 
4 '375,  equals  3 '06  grains  of  sodium  chloride  per  fluid  ounce. 

If  the  process  has  been  carried  out  on  the  quantities  above  directed,  it  will 
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precipitate  previously  neutralised  by  nitric  acid  just  sufficient  of  a 
standard  solution  of  silver  nitrate  to  precipitate  the  chlorides  in 
that  volume  of  urine.  The  titration  with  the  mercury  solution  is 
then  conducted  without  filtering  from  the  silver  chloride.  Or 
15  c.c.  of  the  filtrate  from  the  baryta  precipitate  may  be  exactly 
neutralised  by  nitric  acid,  and  the  mercury  solution  cautiously 
added  till  a  faint  permanent  turbidity  is  produced.  This  point 
corresponds  with  the  completion  of  the  reaction  between  the  sodium 
chloride  and  mercuric  nitrate,  and  it  is  only  when  this  is  effected 
that  the  compound  of  mercuric  oxide  and  urea  begins  to  form. 
A  titration  of  another  15  c.c.  of  the  filtrate  is  then  conducted 
in  the  ordinary  way,  but  only  the  volume  of  mercury  in  excess 
of  that  previously  ascertained  to  be  required  for  the  produc- 
tion of  the  turbidity  is  taken  into  account  in  calculating  the 
urea, 

Albumin,  if  present  in  the  urine  to  be  treated  by  the  mercury 
process,  must  be  previously  removed  by  rendering  the  liquid  dis- 
tinctly acid  to  litmus  (if  not  already  sufficiently  acid)  by  cautious 
addition  of  acetic  acid  (avoiding  a  large  excess),  boiling  for  a  few 
minutes,  and  filtering  the  liquid  through  a  dry  filter. 

Ammonium  salts  interfere  with  the  determination  of  urea  by 
the  mercury  process.  Hence,  if  present  in  the  urine  in  notable 
quantity,  the  filtrate  from  the  baryta  precipitate  should  be 
evaporated  to  dryness  on  the  water-bath,  and  the  residue  dis- 
solved in  a  quantity  of  water  equal  to  that  of  the  liquid  before 
evaporation.  The  titration  is  then  proceeded  with  in  the  usual 
manner. 

The  results  yielded  by  the  mercury  process  of  determining  urea 
are  affected  by  so  many  causes  that,  in  the  author's  opinion,  the 
method  cannot  be  relied  on  as  more  than  approximately  accurate, 
unless  steps  are  taken  to  remove  the  interfering  bodies,  thus  com- 
plicating the  process  very  materially.  Vogel  is  of  opinion  that 

be  necessary  to  add  the  same  volume  of  silver  solution  to  1 5  c.  c.  of  the  nitrate 
from  the  baryta  precipitate  as  was  found  necessary  to  produce  a  reddish-yellow 
end-reaction  in  the  titration  of  the  chlorides  by  silver  solution. 

The  chlorides  contained  in  the  urine  are  largely  dependent  on  the  quantity 
of  common  salt  taken  with  the  food,  but  a  portion  of  them  are  derived  from 
chlorides  of  potassium  and  sodium  naturally  present  in  the  food.  In  cases  of 
pneumonia  the  chlorides  almost  entirely  disappear  from  the  urine,  while  the 
sputum  contains  an  excessive  amount.  Bromides  and  iodides,  which  are  not 
natural  constituents  of  urine  but  appear  after  administration  of  medicines 
containing  them,  react  like  chlorides  with  silver  nitrate.  Where  large 
quantities  of  these  salts  have  been  taken,  the  perturbation  of  the  urea  de- 
termination by  the  mercury  process  is  so  great  as  to  render  the  method 
valueless. 
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the  error  may,  in  some  cases,  amount  to  20  per  cent,  of  the  total 
urea  present.  Tlmdichum  admits  the  error,  which  he  attributes 
to  the  presence  of  the  bodies  described  by  him  under  the  names  of 
urochrome  and  cryptophanic  acid,  the  latter  substance  alone  being 
alleged  to  cause  a  probable  error  of  from  5  to  10  per  cent. 
(Pathology  of  the  Urine).  J.  L.  W.  Thudichum  (Med.  Press, 
Sept.  11,  1895,  p.  272)  proposes  that  the  urine  should  be  first 
treated  with  "  mercuramine  "  (Millon's  base),1  which  is  stated  to 
remove  all  acids,  both  organic  and  inorganic.  The  filtrate,  which 
contains  all  basic  bodies  in  an  uncombined  state,  is  then  to  be  de- 
colorised with  animal  charcoal,  and  the  urea  determined  in  the 
filtrate  by  mercuric  nitrate  solution.  Operating  in  this  manner, 
Thudichum  asserts  that  the  corrections  for  chlorides  and  dilution 
by  the  baryta  solution  become  unnecessary,  since  all  interfering 
matters  are  removed.  It  is  stated  that  the  determination  of  urea 
can  then  be  effected  with  "  ideal  accuracy  and  ease."  Evidently 
the  method  is  seriously  complicated  by  the  preliminary  procedure 
prescribed  by  Thudichum,  and  his  statements  require  careful 
verification  before  the  process  thus  modified  can  be  relied  on. 

5.  Hypobromite  Process  of  determining  Urea. 

The  foregoing  methods  of  determining  urea  now  receive  only 
occasional  application,  since  the  process  next  to  be  described  is  far 
more  rapid  and  convenient,  and  gives  results  sufficiently  correct 
for  the  majority  of  purposes,  though,  in  the  opinion  of  the 
author,  who  has  had  great  experience  of  it,  the  accuracy  of  the 
process  in  its  ordinary  form  has  been  exaggerated. 

The  process  is  based  on  one  devised  by  Knop  and  "Wolf 
(Chem.  Centralb.,  1860,  page  257)  for  the  estimation  of  ammonia,2 
and  is  dependent  on  the  reaction  between  urea  and  a  strongly 
alkaline  solution  of  sodium  hypobromite,  whereby  sodium  bromide, 

1  The  employment  of  Millon's  base,  mercurammonium  hydroxide,  for  the 
clarification  of  urine,  appears  to  have  been  first  suggested  by  Thudichum  in 
1881.     No  full  description  of  the  process  appears  to  have  been  published  in 
any  of  the  usual  channels,  but  a  short  note  of  it  was  printed  in  the  Medical 
Press  for  February  13,  1889.     Thudichum  there  directs  the  base  to  be  pre- 
pared by  saturating  yellow  mercuric  oxide  with  ammonia,  and  washing  and 
drying  the  resultant  canary-yellow  compound  in  an  atmosphere  free  from 
carbon  dioxide.     He  ascribes  to  the  product  the  formula  Hg403N2H4  +  311,0. 
Apparently  the  reagent  is  simply  shaken  with  the  urine  to  be  clarified. 

2  These  chemists  employed  a  solution  of  sodium  hypochlorite  to  which 
bromine  was  added,  operating  in  an  apparatus  called  by  them  an  "azotometer." 
They  found  the  method  inapplicable  to  urea  ! 

Wbhler,  in  1853,  described  a  process  for  the  determination  of  ammonia 
in  guano  by  treating  the  sample  with  bleaching  powder  solution  and  measur- 
ing the  nitrogen  evolved. 
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water,  carbon  dioxide,  and  nitrogen  are  produced,  according  to  the 
equation:— 3^sTaBrO  +  CH4N20  =  3]STaBr  +  2H20  +  C02  +  N2- 

The  carbon  dioxide  gas  is  absorbed  by  the  excess  of  caustic 
alkali  employed,  so  that,  under  the  conditions  of  the  experiment, 
pure  nitrogen  gas  is  evolved. 

The  hypobromite  method  of  determining  urea  has  been  the 
subject  of  numerous  investigations,  with  results  which  are  gener- 
ally favourable,  but  which  present  some  curious  anomalies. 

The  literature  of  Knop's  process,  in  its  various  modifications,  is 
very  extensive.  The  following  is  a  list  of  papers  in  English 
and  American  periodicals  which  has  been  compiled,  at  the  author's 
request,  by  A.  R.  Tankard.  Many  of  the  references  are  to 
abstracts  of  foreign  papers,  which  are  more  accessible  than  the 
originals. 


Year. 

Author. 

Reference. 

Remarks. 

1854 

E.  W.  Davy, 

Phil.   Mag.,   [4],    vii. 

Decomposition  of  urea  by  sodium  hypo- 

385. 

chlorite  ;  gas  measured  over  brine. 

1871 

G.  Hiifuer,  . 

Jour.  Chem.  Soc.  ,  xxiv. 

New  apparatus,  employing  hypobromite, 

162. 

and  gentle  heat  to  assist  reaction. 

1871 

J.  E.  Reynolds,    . 

Chem.    News,    xxxvii. 

New  apparatus  for  use  with  hypobromite. 

137. 

1873 

Yvon,   .... 

J.  C.  S.,  xx  vi.  411. 

Ureometer,     using    hypobromite;     gas 

collected  over  mercury. 

1874 

.Russell  &  West, 

J.  C.  S.,  xxvii.  749. 

New  form    of   apparatus,  using   hypo- 

bromite.   Yield,  92  per  cent. 

1875 

G.  Schleich,  . 

J.  C.  £,xxviii.  483. 

Modification  of  Hiifner's  apparatus. 

1875 

R.  Apjohn,  . 

Chem.  Neivs,  xxxi.  36. 

Simple   apparatus   for   medical   practi- 

tioners. 

1875 

E.  M.  de  la  Source, 

J.  C.  S.,  xxviii.  916. 

Modification  of  Yvon's  ureometer. 

1876 

J.  G.  Blackley,    . 

J.  C.  S.,  xxx.  466. 

Modification  of  Russell  &  West's  appa- 

ratus. 

1877 

A.  Dupre",     . 

J.  C.  S.,  xxxi.  534. 

Apparatus   almost   identical   with   Ap- 

john's. 

1877 

Simpson  &  O'Keeffe,  . 

J.  C.  S.,  xxxi.  538. 

Apparatus  for   rough  estimations,   em- 

ploying Russell  &  West's  tube. 

1877 

Yvon,  .... 

J  C  S.,  xxxii.  226. 

Calcium  hypochlorite  is   preferable  to 

sodium  hypochlorite  as  a  reagent  for 

urea. 

1878 

H.  J.  H.  Fenton, 

J.  C.  S.,  xxxiii.  300. 

Action  of  hypochlorites  on  urea. 

1878 

J.  E.  Reynolds,   . 

Chem.    News,    xxxvii. 

New  forms  of  apparatus  for  the  hypo- 

135. 

bromite  method. 

1878 

W.Foster,    . 

J.  C.  S.,  xxxiii.  470. 

Action  of  alkaline  hypobromite  on  urea, 

ammonium  salts,  and  oxamide. 

1878 

G.  Hiifner,  . 

J.  C.  S.,  xxxvi.  405. 

A  formula   for  correction  owing  to  re- 

tention of  a  portion  of  the  nitrogen 

in  estimations  by  hypobromite. 

1879 

H.  J.  H.  Fenton, 

J.  C.  S.,  xxxv.  12. 

Comparison  of  reactions  of  hypochlorite 

and  hypobromite  with  various  nitro- 

gen compounds. 

1879 

W.  Foster,  . 

J.  C.  S.,  xxxv.  121. 

Action  of  alkaline  hypobromite  on  urea, 

ammonium  salts,  and  oxamide. 

1879 

C.  Me"hu,      . 

J.  C.  S.,  xxxvi.  985. 

Addition  of  glucose  or  cane-sugar  causes 

evolution  of  total  nitrogen. 

1879 

G.  Esbach,    . 

J.  C.  S.,  xxxvi.  1067. 

Gas  evolved  by  hypobromite  and  glucose 

varies  with  the  amount  of  glucose 

added. 

1880 

A.  Fauconier, 

J.  C.  S.,  xxxviii.  513. 

Addition  of  glucose,  but  not  cane-sugar, 

gives  100  per  cent,  nitrogen,  owing  to 

reduction  of  nitrate. 

1880 

Jay,      .... 

J.  C.  S.,  xxxviii.  513. 

Glucose  gives  off  gas  with  hypobromite. 
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Year. 

Author. 

Reference. 

Remarks. 

1880 

C.  M<5hu,      . 

J.  C.  S.,  xxxviii.  681. 

To  each  part  of  urea  present  10  parts  by 

1880 

J.  Tattersall, 

Year  •  Book     Pharm.  , 

weight  of  cane-sugar  should  be  added. 
Too  high  results  are  obtained  if  glucose 

1880,  144. 

is  present  in  urine. 

1881 

G  Esbach 

J.  C.  S.  ,  xl  316. 

Glucose  gives  off  gas  with  hypobromite, 

but  cane-sugar  does  not. 

1881 

Quinquand,  . 

J.  C.  S.,xl.  1085. 

Excess  of  hypobromite   is  added,  then 

slight  excess  of  alkaline  arsenate,  and 
the  excess  of  this  reagent  determined 

by  hypobromite  with  indigo  sulphate 

as  indicator. 

1882 

T.  J.  Wormley,    . 

Chem.  News,  xlv.  27. 

Action  of   glucose  and  cane-sugar  with 

hypobromite,    and    a   discussion   on 

1882 

J.  R.  Duggan, 

J.  C.  S.,xlii.  778. 

Apjohn's  form  of  apparatus. 
If  the  bromine  be  added  to  the  soda  and 

urea  solutions  previously  mixed,  the 

yield     of     nitrogen     is     increased. 

Yield,  99  per  cent. 

1882 

C.Arnold,    . 

J.  C.  S.,  xlii.  1141. 

Excess  of  alkali  facilitates  decomposition 

of  urea.  Yield  of  nitrogen,  91  per  cent. 

1884 

A.  W.  Gerrard,    . 

Pharm.  Jour.,  [3],  xv. 

Simple    form    of    apparatus,    called    a 

464. 

"ureometer." 

1884 

E.  R.  Squibb,      . 

Ephemeris,  ii.  448. 

Simple  form  of  apparatus,  using  sodium 

carbonate    and    hypochlorite.      All 

nitrogen  evolved. 

1885 

A.  H.  Allen, 

Pharm.  Jour.,  [3],  iv. 

Application  of  nitrometer  to  estimation 

179. 

of  urea  by  hypobromite. 

1885 

A.  B.  Lyons, 

Analyst,  x.  150. 

Adds  potassium  bromide  to  sodium  hypo- 

chlorite. 

1885 

G.  Lunge,     . 

J.  S.  Chem.  Ind.,  iv. 

Use  of  nitrometer.    Yield,  91  per  cent. 

495. 

1885 

H.  J.  Hamburger, 

J.  C.  S.,  xlviii.  450. 

Adds  standard  hypobromite,  and  titrates 

back  with  standard  sodium  arsenite. 

1886 

C.  Jacobi,    . 

J.  C.  S.,  1.  104. 

Discussion  on  use  of  hypobromite  for 

estimations  of  urea,  &c.     Yield,  92 

per  cent. 

1886 

1886 

Pfliiger  &  Schenck, 
E.  Salkowski,       . 

J.  C.  S.,  1.  396. 
J.  C.  S.,  1.  396. 

Hamburger's  method  is  of  little  use. 
Modification  of  the  ordinary  hypobro- 

mite method. 

1886 

W.  D.  Green,       . 

J.  C.  S.,  L  747. 

Error  from  unabsorbed  carbon  dioxide. 

1886 

W.  Knop,     . 

Jour.  Soc.  Chem.  Ind., 

New    apparatus   for  hypobromite   pro- 

v. 505. 

cess,  called  an  azotometer. 

1886 

H.  J.  H.  Fenton, 

Chem.  News,  liii.  13. 

Reaction  of  carbamates  with  hypochlor- 

ites  and  hypobromites. 

1886 

H.  J.  H.  Fenton, 

Chem.  News,  liii.  193. 

Detection  of  bromides  by  mixed  carba- 

mate  and  hypochlorite. 

1887 

J.  E.  Saul,    . 

Pharm.     Jour.,     [3], 

Analysis  of  urine  ;  new  forms  of  appa- 

xvii. 858. 

ratus  for  hypobromite  method. 

1887 

G.  Frutiger, 

J.  S.  C.  /.,  vi.  149. 

New  apparatus  for  hypobromite  process. 

1887 

C.  A.  Doremus,    . 

Chemist  and  Druggist, 

Rough   apparatus   for   use   of   medical 

xxx.  729. 

practitioners. 

1887 

Pfliiger  &  Bohland,     . 

J.  C.  S.,  lii.  90. 

Urine  should  be  previously  treated  with 
phospho-tungstic  acid.      Pure   soda 

and  bromine  should  be  used. 

1888 

H.  J.  H.  Fenton, 

Proc.  Cambridge  Phil. 

The     metameric      transformation      of 

Soc.,  1888,  page  307. 

ammonium  cyanate. 

1888 

Stainer, 

Pharm.      Jour.,     [3], 

Frothing  in  hypobromite  process  due  to 

xvii.  600. 

albumin. 

1888 

Saul;  Davis, 

Pharm.     Jour.,     [3], 

Frothing  in  hypobromite  process  due  to 

xvii.  620. 

albumin. 

1889 

R.  Luther,    . 

J.  C.  S.,  Ivi.  1039. 

3  to  4  per  cent,  of  nitrogen  is  oxidised 

to    nitrate.    Additional  loss,  1£   per 

cent. 

1890 

D.  B.  Dott,  . 

Pharm.  Jour.  [3],  xx. 

Calcium     hypochlorite     evolves     total 

1890 

S.  H.  Smith, 

793. 
Pharm.     Jour.,     [3], 

nitrogen  promptly. 
Modification  of    hypobromite    process, 

xxi.  294. 

using  Allen's  nitrometer  filled  with 

brine.    Yield,  92  per  cent. 

1890 

E.  H.  Bartley,     . 

J.  Amer.  Chem.  Soc., 

Adds    potassium    bromide    to    sodium 

xii.  283. 

hypochlorite. 
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Year. 

Author. 

Reference. 

Remarks. 

1890- 

C.  J.  H.  Warden, 

Chem.  News,  Ixii.  287. 

New      apparatus       for       hypobromite 

91 

method. 

1891 

Heaton  &  Vesey, 

Analyst,  xv.  106. 

.Rough   apparatus   for   nse  of   medical 

practitioners. 

1892 

E.  R.  Squibb,       . 

Ephemeris,  iii.  1315. 

Sodium    carbonate    with    hypochlorite 

evolves  all  nitrogen  promptly. 

1893 

W.  Colquhoun,    . 

Chem.  News,  Ixvii.  123. 

New  form  of  apparatus  and  method  of 

working  hypobromite  process. 

1895 

H.  J.  H.  Fenton, 

Proc.  Chem.  Soc.,  No. 

Transformation  of  ammonium  cyanate 

154. 

into  urea. 

1895 

Walker  &  Hambly,     . 

Proc.  Chem.  Soc.,  No. 

Transformation  of  ammonium  cyanate 

154;  J.  C.  £,lxviii. 

into  urea,  and  reverse  action. 

746. 

1896 

A.  H.  Allen,         .       . 

Proc.  Chem.  Soc.,  No. 

Duggan's  modification  with  addition  of 

160,  Feb.  6,  1896. 

potassium    cyanate     evolves     total 

nitrogen. 

The  hypobromite  solution  employed  for  the  decomposition  of 
urea  is  prepared  by  dissolving  100  grammes  of  good  caustic  soda 
in  250  c.c.  of  water,  and  thoroughly  cooling  the  liquid ;  from  20  to 
25  c.c.  measure  of  bromine  is  then  added,  and  the  resultant  solution 

preserved  in  a  cool  place. 
The  reagent  does  not  keep 
very  well,  in  consequence  of 
the  gradual  occurrence  of 
the  reaction  :  —  3NaBrO  = 
2NaBr  +  :N"aBr03.  Hence  it 
is  preferable  to  prepare  the 
solution,  when  required,  by 
mixing  25  c.c.  of  the  caustic 
soda  solution  with  2 '2  c.c.  of 
bromine.  Dilution  of  the 
hypobromite  reagent  with 
water,  or  the  use  of  less 
bromine,  does  not  greatly 
affect  the  results,  but  a  large 
excess  of  bromine  is  preju- 
dicial. 

Of  the  various  forms  of 
apparatus  which  have  been 
proposed  for  effecting  the  re- 
action and  collecting  the 
evolved  nitrogen  from  urine, 
that  devised  by  A.  W. 

Gerrard  (Pharm.  Jour.,  [3],  xv.  464)  is  among  the  best, 
when  no  extreme  degree  of  accuracy  is  aimed  at.  Gerrard's 
apparatus  (fig.  9)  consists  of  a  graduated  tube,  which  is  con- 
nected with  a  second  tube,  serving  as  a  reservoir,  by  means  of 
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india-rubber  tubing.  The  top  of  the  graduated  tube  is  closed 
by  a  caoutchouc  stopper,  through  which  passes  a  T-tube,  one 
orifice  of  which  is  fitted  with  a  short  piece  of  india-rubber  tubing 
closed  by  a  clip,  while  the  other  communicates  by  a  second  piece 
of  tubing  with  a  bottle  fitted  with  a  perforated  cork.  In  making 
the  test,  25  c.c.  of  the  hypobromite  reagent  should  be  poured 
into  this  bottle,  and  then  a  small  test-tube  containing  5  c.c.  of  the 
sample  of  urine  cautiously  placed  in  it  in  such  a  manner  as  to 
avoid  any  contact  between  the  urine  and  the  reagent.  The  bottle 
is  now  connected  with  the  graduated  tube  in  the  manner  shown 
in  the  figure,  the  clip  opened,  and  water  poured  into  the  reservoir- 
tube  until,  on  suitably  adjusting  its  height,  the  water  stands  at 
the  zero-point  in  the  measuring-tube  and  at  the  same  level  in  the 
reservoir,  taking  care  that  when  this  is  effected,  but  little  water 
remains  in  the  latter  tube.1 

The  clip  is  then  closed,  and  the  bottle  is  tilted  in  such  a  manner 
as  to  allow  the  urine  to  mix  gradually  with  the  hypobromite  solu- 
tion, the  bottle  being  gently  agitated  to  promote  the  evolution 
of  gas,  which  commences  immediately  and  is  complete  in  a  few 
minutes.  After  five  minutes,  or  preferably  ten,  the  water  in  the 
measuring-tube  is  brought  to  the  same  level  with  that  in  the  reser- 
voir-tube by  lowering  the  latter,  when  the  volume  of  gas  is  read  off.2 
In  Gerrard's  apparatus  the  tube  is  so  graduated  as  at  once  to 
show  the  percentage  of  urea  contained  in  the  urine.3 

In  the  absence  of  any  specially  constructed  apparatus  for  the 
estimation  of  urea,  a  suitable  arrangement  can  be  readily  extem- 
porised. Thus,  if  preferred,  the  nitrogen  may  be  simply  collected 
in  a  graduated  tube  filled  with  and  standing  over  water,  but  it  is 
more  convenient  to  employ  a  graduated  tube  open  at  the  upper 
end,  which  is  drawn  out  so  as  to  admit  of  being  readily  connected 
with  the  india-rubber  tube  attached  to  the  evolution-flask.  An 
inverted  Mohr's  burette,  of  a  capacity  of  50  c.c.,  immersed  in  a 

cylinder  of  water,  answers  very  well.     As  long  ago   as  1877,  A. 

• 

1  This  can  be  effected  by  raising  the  reservoir,  and  is  necessary  to  make 
room  for  the  water  displaced  by  the  gas  subsequently  evolved. 

2  In  case  the  temperature  of  the  room  is  greatly  different  from  15 '5°  C. 
(  =  60°  F.)  the  measuring-tube  should  be  immersed  in  water  at  that  tempera- 
ture, but  for  ordinary  purposes,  and  under  ordinary  conditions,  this  precau- 
tion is  unnecessary. 

3  Gerrard's  apparatus  is  so  graduated  as  to  allow  for  the  loss  of  nitrogen 
which  occurs  under  ordinary  conditions,  and  hence  gives  correct  results  when 
non-saccharine  urine  is  under  examination.      But  when   urine  containing 
much  sugar  is  under  examination  the  correction  described  on  page  272  should 
be  applied. 
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Dupre  (Jour.  Chem.  Soc.,  xxxi.  534)  recommended  a  tube  of 
this  kind,  but  furnished  with  a  side-tube  to  which  a  clip  was 
attached,  which  arrangement  afforded  some  facilities  in  manipulat- 
ing. These  devices  have  all  been  superseded  by  the  nitrometer,  the 
employment  of  which  for  the  purpose  was  first  proposed  by  the 
author  (Jour.  Soc.  Chem  Ind.,  iv.  179).1 

Fig.   10  shows  the  upper  part    of   a   Lunge's  nitrometer,  the 


Fig.  10. 


Fig.  11. 


method  of  working  with  which  is  almost  the  same  as  with 
Gerrard's  form  of  apparatus.  The  hypobromite  solution  is  placed 
in  the  flask,  the  tube  charged  with  the  sample  of  urine  is  care- 
fully introduced,  the  stopper  firmly  adjusted,  and  the  india-rubber 
leading-tube  attached  to  the  nose  of  the  three-way  tap.  The  tap 

1  D  u  p  r  e '  s  apparatus  appears  to  have  been  the  first  ureometer  in  which 
the  principle  of  the  nitrometer  was  adopted.  The  same  principle  was  utilised 
in  Gerrard's  arrangement,  the  description  of  which  was  published  a  few  months 
before  the  appearance  of  the  author's  paper  on  "New  and  little-known 
applications  of  the  Nitrometer "  ;  but  the  apparatus  had  been  used  and 
sketched  by  the  author  some  years  previously. 
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is  next  turned,  so  as  to  allow  the  nitrometer-tube  to  commu- 
nicate with  the  external  air,  and  the  open  reservoir-tube  raised 
until  the  liquid  in  the  graduated  tube  just  rises  to  the  zero-point, 
whereon  the  tap  is  closed.  The  tap  is  next  turned  so  as  to  con- 
nect the  flask  with  the  nitrometer-tube,  while  cutting  oft'  the 
external  air.  The  urine  is  then  allowed  to  come  gradually  into 
contact  with  the  reagent  in  the  manner  already  described.  When 
the  reaction  is  complete,  the  liquid  in  the  reservoir-tube  is  brought 
to  the  level  of  that  in  the  nitrometer,  and  the  volume  of  gas  read 
off. 

In  the  absence  of  a  Lunge's  nitrometer,  the  simpler  form  of 
apparatus  devised  by  the  author  for  assaying  spirit  of  nitrous  ether 
(Pharm.  Jour.,  [3],  xv.  673),  and  known  as  "Allen's  nitrometer" 
(fig.  11),  will  answer  every  purpose. 

For  all  ordinary  purposes,  it  is  convenient  and  sufficiently 
accurate  to  fill  the  nitrometer  with  water,  but  mercury  is  sometimes 
used  in  research-work. 

Another  mode  of  using  the  nitrometer,  and  one  which  does  not 
necessitate  the  use  of  an  instrument  provided  with  a  three-way  tap 
or  equivalent  arrangement,  has  also  been  described  by  the  author 
{Jour.  Soc.  Chem.  Intl.,  iv.  179).  For  this  purpose  the  nitrometer  is 
filled  to  the  tap  with  strong  brine,  and  the  tap  closed.  Five  c.c.  of 
the  sample  of  urine *  should  then  be  placed  in  the  cup  by  means 
of  a  pipette,  and  allowed  to  flow  into  the  tube  by  opening  the  tap 
cautiously.  The  last  traces  are  rinsed  in  by  a  few  drops  of  water. 
Ten  c.c.  of  the  hypobromite  solution,  previously  diluted  with  an 
equal  measure  of  water,  is  next  added  through  the  tap.  The 
greater  part  of  the  nitrogen  is  liberated  as  soon  as  the  reagent 
comes  into  contact  with  the  urine.  When  the  reaction  has  some- 
what abated,  a  clip  is  placed  on  the  india-rubber  connecting-tube 
and  the  nitrometer-tube  vigorously  shaken.  When  the  reaction 
is  completed,  the  clip  may  be  removed,  the  liquids  in  the  nitro- 
meter- and  reservoir-tubes  brought  to  the  same  level,  and  the 
volume  of  gas  observed.  If  the  reading  be  rendered  difficult  from 
the  formation  of  a  persistent  froth,  this  may  be  instantly  destroyed 
by  introducing  a  few  drops  of  alcohol  through  the  tap. 

According  to  the  great  majority  of  observers,  the  reaction  of 
cold  hypobromite  solution  of  the  ordinary  strength  on  pure  solutions 
of  urea  results  in  the  evolution  of  from  92  to  93  per  cent,  of  the 
total  nitrogen.2  The  suppressed  nitrogen  was  found  by  H.  J.  H. 

1  If  the  volume  of  gas  evolved  exceed  40  c.c.,  a  smaller  measure  of  urine 
should  be  employed. 

2  According  to  T.  G.  "Wormley  (Chem.  News,  xlv.  27),  under  favourable 
conditions  the  whole  of  the  nitrogen  of  urea  is  evolved  as  gas.    In  the  author's 
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F  e  n  t  o  n  to  suffer  conversion  into  cyanate.1  On  heating  the  liquid, 
some  further  evolution  of  gas  occurs,  but  the  theoretical  produc- 
tion is  never  realised,  and  under  some  circumstances  there  is  a 
tendency  to  error  from  evolution  of  oxygen.  In  presence  of  cane- 
sugar,  a  more  complete  evolution  of  the  nitrogen  occurs,  and  hence 
C.  Mehu  (Bull  Soc.  Chim.,  [2],  xxxiii.  410;  abst.  Jour.  Chem. 
Soc.,  xxxviii.  681)  has  proposed  always  to  add  10  parts  of  cane- 
sugar  for  each  1  of  urea  supposed  to  be  present.  Glucose  induces 
a  still  more  perfect  evolution  of  the  nitrogen,  and  consequently 
the  evolution  of  gas  on  treating  diabetic  urine  with  hypobromite 
sometimes  reaches  99  per  cent,  of  the  total  ureal  nitrogen  present. 
Even  in  normal  urine,  the  evolved  nitrogen  bears  a  greater  pro- 
portion to  the  total  amount  present  in  the  urea  than  is  the  case 
when  pure  solutions  of  urea  are  operated  on.  This  fact  is  com- 
monly attributed  to  the  liberation  of  nitrogen  from  the  uric  acid, 
creatinine,  and  other  urinary  constituents,  which,  though  present 
in  but  small  amount  relatively  to  the  urea,  are  able  to  exert  a 
sensible  influence  on  the  proportion  of  gas  evolved.  For  ordinary 
purposes,  the  error  due  to  this  cause  is  wholly  unimportant,  and 
it  has  even  been  contended  that,  as  the  usual  object  of  determining 
urea  is  to  obtain  a  measure  of  the  nitrogenous  waste,  all  nitrogen- 
ised  bodies  of  the  urine  should,  as  far  as  possible,  be  determined. 
Of  course  this  is  directly  effected  by  determining  the  total  nitrogen 
by  Kjeldahl's  process. 

Mehu  points  out  that  the  uric  acid  present  in  urine  is  rarely 
more  than  2  per  cent,  of  the  urea,  and  the  creatinine  still  less,  and 
as  these  bodies  only  evolve  a  portion  of  their  nitrogen  when  treated 
with  hypobromite  they  are  incompetent  to  produce  the  whole  of 
the  effect  ascribed  to  them.  He  attributes  the  better  yield  of 
nitrogen  obtained  from  normal  urine  to  the  extractive  matter  pre- 
sent, which  acts  more  or  less  like  sugar.  Hence  Mehu  recom- 
mends the  addition  of  sugar  in  every  case,  so  as  to  ensure  the 
evolution  of  practically  the  whole  of  the  nitrogen  in  the  gaseous 
state. 

G.  Esbach  (Bull.  Soc.  Chim.,  [2],  xxiv.  632)  states  that  pure 
glucose  solution,  whether  boiling  or  not,  evolves  a  small  quantity 
of  gas  when  treated  with  the  hypobromite  reagent,  but  that  cane- 
experience,  when  operating  in  the  ordinary  manner,  92  per  cent,  of  the  total 
nitrogen  is  the  highest  yield  for  pure  solutions  of  urea.  Some  German 
chemists  add  caustic  soda  to  the  urea  solution  before  bringing  it  in  contact 
with  the  hypobromite  reagent,  and  by  this  means  obtain  95  per  cent,  of  the 
nitrogen  as  gas. 

1  Fauconier  and   Luther  state  that  from  3|  to  4  per  cent,  of  the 
total  nitrogen  is  oxidised  to  nitrate. 
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sugar  yields  no  gas.  He  finds  that  in  aqueous  solutions  of  urea, 
the  excess  over  the  92  per  cent,  normally  evolved  varies  with  the 
quantity  and  nature  of  the  sugar  added,  the  strength  of  the  urea 
solution,  and  the  composition,  especially  as  to  free  alkali,  of  the  hypo- 
bromite  reagent,  the  volume  of  gas  being  greater  the  more  alkali 
there  is  present.  For  the  proportions  of  glucose  present  in  diabetic 
urine,  the  excess  of  nitrogen  over  92  per  cent,  is  sensibly  propor- 
tional to  the  mass  of  the  sugar,  but  this  does  not  hold  good  for 
large  quantities.  Urea  added  to  a  true  diabetic  urine  is  stated  to 
evolve  only  92  per  cent,  of  its  nitrogen.  Esbach  concludes  that 
sugar  should  not  be  added  to  urine  before  applying  the  hypobro- 
mite  process. 

The  author  has  observed  that  glucose  and  cane-sugar  occasion 
great  evolution  of  heat,  and  probably  this  phenomenon  is  one  of 
the  causes  of  the  higher  results  obtained  in  presence  of  sugar. 
Fauconier  states  that  glucose  prevents  loss  by  formation  of  nitrate, 
but  that  cane-sugar  has  no  similar  action. 

Jacobi  (Zeitschr.  anal.  Chem.,  xxiv.  307)  suggests  that  the 
higher  proportion  of  nitrogen  yielded  by  diabetic  urine  may  be 
due  to  the  presence  of  aceto- acetic  ether,  which  is  often  present  in 
advanced  glycosuria.  He  found  by  experiment  that  the  addition 
of  5  per  cent,  of  aceto-acetic  ether  to  pure  solutions  of  urea  caused 
the  evolution  of  the  total  nitrogen  as  gas  on  treatment  with  hypo- 
bromite. 

In  interpreting  the  results  obtained  by  any  of  the  foregoing 
modifications  of  the  hypobromite  method  of  estimating  urea,  it  is  un- 
necessary for  ordinary  purposes  to  take  into  account  the  barometric 
pressure,  tension  of  aqueous  vapour,  or  temperature  at  the  time  of 
making  the  experiment.  By  a  fortunate  coincidence,  the  increase  in 
the  volume  of  the  gas,  due  to  its  being  measured  in  a  wet  condition 
and  at  a  temperature  of  18°  C.  (  =  65*4°  F.),  almost  exactly  com- 
pensates for  the  7J  to  8J  per  cent,  of  the  total  nitrogen  ordinarily 
suppressed  in  the  reaction.  Thus  Russell  and  West  (Jour. 
Chem.  Soc.,  xxvii.  749)  found  that  0*100  gramme  of  urea  gave 
off  37*1  c.c.  of  moist  nitrogen  at  a  temperature  of  65°  F.  (  =  18*3° 
C.).  This,  if  dry,  and  at  the  standard  pressure  and  temperature, 
would  have  measured  34'05  c.c.,  whereas  the  total  nitrogen  con- 
tained in  the  same  amount  of  urea  would  measure  37*14  c.c.  under 
the  standard  conditions,  or  nearly  the  volume  actually  obtained 
at  the  ordinary  temperature.  Hence  37*1  c.c.  of  gas,  measured 
under  the  ordinary  conditions  of  experiment,  may  be  taken  to 
represent  O'l  gramme  of  urea.  Thus,  if  the  cubic  centimetres  of 
gas  evolved  be  multiplied  by  *gpf  =  2'7  (or,  more  exactly,  2*696) 
the  product  will  be  the  number  of  milligrammes  of  urea  in  the 
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volume  of  urine  employed ;  or,  if  5  c.c.  of  urine  were  taken  for 
the  experiment,  the  volume  of  gas  evolved,  multiplied  by  0*054 
(or,  more  exactly,  0*0539),  will  be  the  grammes  of  urea  (so-called 
"percentage")  in  100  c.c.  of  the  urine.  The  percentage  thus 
found,  multiplied  by  4*375,  will  be  the  number  of  grains  of  urea 
contained  in  1  fluid  ounce  of  the  urine. 

If  preferred,  the  above  calculations  can  be  combined,  and  the 
grains  of  urea  per  fluid  ounce  of  the  sample  found  at  once  by 

multiplying  the  measure  of 
gas  evolved  from  5  c.c.  of 
the  sample  by  0*236  (or, 
more  exactly,  0*23585). 

The  foregoing  factors  are 
intended  for  use  with  non- 
saccharine  urine.  As  the 
evolution  of  the  nitrogen  of 
urea  is  more  complete  in  the 
presence  of  sugar  than  in  its 
absence,  the  results  yielded 
when  diabetic  urine  is  treated 
with  hypobromite  should  be 
multiplied  by  the  factor  0*93 
to  obtain  more  correct  results. 
A  plan  sometimes  practised  is 
to  add  some  simple  syrup  or 
honey  (from  3  to  5  c.c.)  to  the 
urine  in  the  sample -tube. 
Under  these  circumstances, 
40  c.c.  of  nitrogen  (against 
37*1  c.c.  in  the  absence  of 
sugar)  are  said  to  be  yielded 
by  O'l  gramme  of  urea.  But 
in  the  author's  experience  the 
increase  in  the  yield  of  gas 
is  very  variable,  the  nitrogen 

evolved  being  from  92  to  99  per  cent,  of  the  total,  and  the 
method  far  less  satisfactory  than  that  next  to  be  described. 

The  author's  experience  of  the  ordinary  forms  of  the  hypobromite 
method  of  estimating  urea,  under  a  great  variety  of  conditions 
and  with  the  utmost  care  to  obtain  accurate  results,  leads  him  to 
the  conclusion  that  the  process  in  its  ordinary  form  is  by  no 
means  so  accurate,  nor  even  so  constant  in  its  indications,  as 
is  commonly  supposed.  Nevertheless,  the  hypobromite  process  is 
undoubtedly  a  method  of  great  practical  utility,  and  one  which 
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is  capable  of  doing  excellent  service  in  the  hands  of  intelligent 
operators. 

6.  Allen's  modified  Hypobromite  Process.  —  A  considerably 
greater  proportion  of  the  nitrogen  of  urea  is  evolved  as  gas, 
and  the  process  thereby  correspondingly  improved,  if  the 
bromine  be  added  to  a  previously-made  mixture  of  the  caustic 
soda  and  urea  solutions.  For  this  purpose  the  author  has  found 
the  modified  form  of  apparatus  shown  in  fig.  12  (page  272)  to  be 
the  most  convenient.  In  this  arrangement,  a  separating  funnel 
is  substituted  for  the  sample-tube  generally  used.  25  c.c.  of  a 
40  per  cent,  solution  of  caustic  soda  should  be  placed  in  the 
flask,  and  5  c.c.  of  the  urine  or  other  solution  of  urea  added. 
The  cork  is  then  adjusted,  and  a  solution  of  2  c.c.  of  bromine  in  16 
c.c.  of  a  20  per  cent,  aqueous  solution  of  potassium  bromide  added 
gradually  from  the  tapped  separator,  the  flask  being  repeatedly 
agitated.  The  evolution  of  nitrogen  occurs  very  promptly,  the 
yield  being  from  95  to  98  per  cent,  of  the  total,  as  against  91 
to  92  per  cent,  in  the  ordinary  process.1  The  evolution  of  nitrogen 
is  generally  complete  with  considerably  less  than  the  volume  of 
the  bromine  solution  above  prescribed. 

In  a  recent  paper  (Jour.  Chem.  Soe.y  1895,  Ixvii.  746),  Walker 
and  Hambly  have  described  some  suggestive  researches  on  the 
transformation  of  ammonium  cyanate  into  urea.  They  find  that 
the  reaction  is  never  complete.  They  further  prove,  as  previously 
suggested  by  Fenton,2  that  the  reverse  reaction  occurs  when  an 
aqueous  solution  of  urea  is  boiled,  and  that  the  well-known  forma- 
tion of  silver  cyanate  when  urea  is  boiled  with  silver  nitrate  (see 
page  254)  is  really  due  to  this  cause.  It  follows  that  a  solution 
containing  both  ammonium  cyanate  and  urea  ultimately  arrives  at 
a  condition  of  equilibrium,  which  is  upset  if  ammonium  sulphate 
or  potassium  cyanate  be  added  to  the  solution,  the  urea  in  each 
case  being  rendered  more  stable. 

1  The  proposal  to  add  the  bromine  to  the  mixed  solution  of  urea  and 
caustic  soda  appears  to  be  due  to  J.  R.  Duggan  (Amer.  Chem.  Jour.,  iv. 
47  ;  abst.  Jour.  Chem.  Soc.,  xlii.  778),  who  states  that  fully  99  per  cent,  of  the 
ureal  nitrogen  is  evolved  as  gas  if  5  c.c.  of  urine  be  first  mixed  with  20  c.c. 
of  a  solution  of  20  grammes  of  caustic  soda  in  100  c.c.  of  water,  and  1  c.c.  of 
bromine  gradually  added.     Working  with  these  quantities,  the  author  has 
been  unable  to  obtain  so  high  a  yield  of 'gas  as  99  per  cent.,  but  the  reversal 
of  the  operation,  as  proposed  by  Duggan,  is  undoubtedly  a  valuable  improve- 
ment on  the  ordinary  mode  of  working. 

2  Fenton  inferred  the  existence  of  a  reverse  reaction  from  the  fact  that 
conversion  of  ammonium  cyanate  into  urea  was  never  complete.     He  further 
found  that  ammonia  and  cyanate  were  formed  when  a  solution  of  urea  was 
treated  with  caustic  potash  and  exposed  over  sulphuric  acid. 
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Reasoning  from  these  results,  it  appeared  to  the  author  to  be 
probable  that  the  incomplete  evolution  of  nitrogen  in  the  hypo- 
bromite  process  might  be  due  to  a  reversion  of  a  portion  of  the 
urea  to  the  condition  of  cyanate ;  especially  as  H.  J.  H.  F  e  n  t  o  n 
had  shown  that  cyanate  was  a  product  of  the  action  of  alkaline 
hypochlorites  on  urea,  and  W.  Foster  had  extended  the  observa- 
tion to  the  action  of  the  ordinary  hypobromite  reagent,  and  showed 
the  8  per  cent,  of  suppressed  nitrogen  to  exist  in  the  solution  in  the 
form  of  cyanate.  Fenton  further  found  that  cyanates  evolved  no 
gas  when  treated  with  the  hypobromite  reagent,  and  the  author  has 
fully  confirmed  this  observation.  Hence  it  appeared  possible  that 
by  adding  a  sufficiency  of  potassium  cyanate  to  the  urea  solution 
before  treating  it  with  the  hypobromite,  the  reversion  of  the  urea  to 
cyanate  might  be  entirely  prevented.  Experiment  has  proved  this 
conjecture  to  be  correct.  An  addition  of  0'250  gramme  of  pure 
potassium  cyanate  to  the  solution  of  O'lOO  gramme  of  urea  in  5 
c.c.  of  water  raises  the  evolved  nitrogen  from  91  to  nearly  97 
per  cent,  (corrected).  When  the  modified  form  of  apparatus 
shown  in  fig.  12  is  employed,  and  the  cyanate  added  to  the 
solution  of  urea,  allowed  to  dissolve,  and  followed  by  caustic  soda, 
the  bromine  solution  being  then  run  in  gradually,  as  described  on 
page  273,  still  better  results  are  obtained.  Under  these  con- 
ditions, the  yield  of  nitrogen  is  from  99'8  to  10OO  per  cent, 
(corrected).  Hence  the  addition  of  potassium  cyanate,  to  the 
extent  of  two  to  three  times  the  amount  of  the  urea  present, 
effects  a  complete  evolution  of  the  nitrogen  in  the  form  of  gas, 
and  prevents  the  irregularities  and  uncertainty  attaching  to  the 
hypobromite  process  in  its  ordinary  form.1  It  is  far  preferable  to 

1  The  experiments  on  which  this  recommendation  is  based  have  only  been 
completed  on  the  eve  of  going  to  press,  but  may  be  relied  on  to  substantiate 
the  claim  made  in  the  text.  Operating  as  there  described  on  5  c.c.  of  a  2 
per  cent,  solution  of  pure  urea,  A.  R.  Tankard  has  obtained,  in  the 
author's  laboratory,  an  evolution  of  99 '8,  100 '0,  100 '0,  99 '8,  and  100 '1  per 
cent,  of  the  total  nitrogen. 

Potassium  cyanate  is  unstable  and,  unless  freshly-prepared,  is  apt  to  con- 
tain ammonia.  Hence  it  is  desirable  to  make  a  blank  experiment,  and 
deduct  any  nitrogen  evolved  in  the  absence  of  urea  from  the  volume  liberated 
in  its  presence. 

The  use  of  silver  cyanate,  with  or  without  simultaneous  addition  of  sodium 
chloride,  was  found  less  satisfactory  than  the  addition  of  the  potassium  salt. 

It  appeared  probable  that  the  reaction  of  the  hypobromite  reagent  on 
potassium  cyanide  would  result  in  the  formation  of  cyanate,  in  which  case 
potassium  cyanate  could  be  conveniently  extemporised  in  situ.  Experiment 
showed  that  on  adding  potassium  cyanate  to  the  hypobromite  reagent  great 
evolution  of  heat  occurred,  and  some  cyanate  was  formed,  but  the  product 
had  not  the  same  effect  as  previously  prepared  potassium  cyanate.  The 


REACTIONS   WITH    HYPOBROMITE. 


275 


the  addition  of  sugar  or  glucose,  which  increases  the  yield  of  gas 
to  a  variable  extent. 

When  the  modified  method  is  employed,  and  potassium  cyanate 
added  to  the  urea  solution,  1  c.c.  of  nitrogen,  measured  moist  and  at 
the  ordinary  pressure  and  laboratory  temperature,  represents  0'0025 
gramme  of  urea.  Hence  if  5  c.c.  of  urine  be  employed,  each  c.c. 
of  gas  evolved  represents  0'05  per  cent,  of  urea  in  the  sample. 

Nitrogen  evolved  by  hypobromite  from  various  compounds. — The 
following  table  shows  the  results  recorded  on  treating  various 
nitrogenised  compounds  with  the  hypobromite  reagent : — 


Percentage     of 

total  Nitrogen 

evolved  as  gas 

Substance. 

Formula. 

with  hypobro- 

Observer. 

mite   and    ex- 

cess of  caustic 

soda. 

1  Acetamide,   .... 

C2H5NO. 

cold,  none  ; 

Foster;  Allen. 

hot,  3J. 

A.  H.  Allen. 

Allantoin,      .... 
Ammonium  aspartate, 
Ammonium  carbamate, 

C4H6N403. 
C4H10N204. 
N,UBC02. 

30. 
49,  on  heating. 
100. 

P.  Malebra  (J.  C.  S.,  1.  583). 
Allen  and  Tankard. 
Fenton  (J.  C.  S.,  xxxv.  12). 

Ammonium  sulphate 
Asparagine,  . 
Biuret,    . 

N2H8S04. 
C4H8N203. 
CQH5N302. 

93-100. 
none. 
67. 

Fenton  ;  Foster  ;  Allen. 
\.  R.  Tankard. 
Fenton  (J.  C.  S.,  xxxv.  12). 

Creatine, 

C4H9N,02. 

67. 

Htifner. 

Creatinine,    . 

C4H7N30. 

50. 

A.  R.  Tankard. 

Glycocine,     . 
Guanidine,    . 

C2H5N02. 
CH5XS. 

none. 
67. 

Allen  and  Tankard. 
Fenton  (J.  C.  S.,  xxxv.  12). 

Hippuric  acid,     . 

C9H9N03. 

none. 

Allen  and  Tankard. 

-Oxamide, 

C2H4N202. 

75. 

Foster  (  J.  C.  S.  ,  xxxiii.  472  ; 

xxxv.  119). 

Potassium  cyanate,    . 

KCNO. 

none. 

Teuton  (J.C.S.,  xxxiii.  300; 

xxxv.  12)  ;  Allen. 

Potassium  ferrocyanide, 

K4FeC6N6. 

33-50. 

Foster  (J.  C.  S.,  xxxv.  123). 

Urea  

CH4N20. 

91  to  92. 

Fenton  ;  Foster  ;  Allen  ;  <fcc. 

Urea,    with    addition    of 

96-5  to  97-0. 

A.  H.  Allen. 

potassium  cyanate, 
Do.      do.,       by   modified 

100. 

Allen  and  Tankard. 

process  (page  273), 
Uric  acid,      .... 

C6H4N403. 

variable,  46  to 

Allen  and  Tankard. 

85. 

Uric  acid,      .... 

65. 

Russell  and  West. 

author  proposes  to  investigate  the  reaction,  which  does  not  appear  to  have 
been  previously  studied. 

1  Foster  (Jour.  Chem.  Soc.,  xxxv.  119)  states  that  acetamide  begins  to  be 
attacked  at  80°,  but  yields  only  a  portion  of  its  nitrogen  in  the  gaseous  state. 
The  author  finds  that  no  gas  at  all  is  evolved  in  the  cold,  and  even  when 
the  mixture  of  hypobromite  and  acetamide  is  kept  at  a  boiling  heat  for  some 
minutes  the  gas   evolved   is  insignificant,  representing  only  about  3  per 
cent,  of  the  total  nitrogen. 

2  Foster  found  that  in  the  cases  of  urea,  oxamide,  and  potassium  fer- 
rocyanide, the  suppressed  nitrogen  was  present  in  the  solution  in  the  form 
of  c  y  a  n  a  t  e.      In  the  last  case,  no  perceptible  change  occurred  in  the  cold, 
but  on  boiling  a  f  e  r  r  a  t  e  was  also  formed  and  oxygen  evolved. 
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7.  Determination  of  Urea  by  Hypochlorites. — The  hypobromite 
method  of  determining  urea  may  be  considered  as  a  modification 
of  the  process  originally  devised  by  E.  K.  D  a  v  y,  in  which  the 
urea  was  brought  in  contact  with  a  solution  of  bleaching  powder. 
D.  B.  D  o  1 1  and  other  chemists  have  expressed  a  preference  for 
the  same  reagent,  while  E.  R.  Squibb  and  others  have  employed 
sodium  hypochlorite.  Fairly  good  results  are  obtainable  with  a 
mixture  of  sodium  carbonate  with  sodium  hypochlorite,  such  as 
results  from  the  precipitation  of  a  solution  of  bleaching  powder 
with  a  large  excess  of  sodium  carbonate ;  but  if  caustic  soda  be 
substituted  for  the  carbonate  very  erratic  results  are  liable  to  be 
obtained.  By  employing  a  very  large  excess  of  both  sodium  hypo- 
chlorite and  of  caustic  soda,  H.  J.  H.  E  e  n  t  o  n  obtains  an  approxi- 
mate yield  of  50  per  cent,  of  the  total  nitrogen  in  the  form  of 
gas,  the  remainder  being  converted  into  cyanate.  A  series  of  experi- 
ments made  in  the  author's  laboratory  with  the  view  of  verifying 
this  curious  fact  have  shown  that  a  rigid  adherence  to  certain  con- 
ditions is  essential  to  ensure  success.1 

In  the  author's  experiments,  bleaching  powder  was  treated  with 
four  times  its  weight  of  cold  water,  the  liquid  filtered  through 
asbestos,  and  the  filtrate  treated  with  solid  sodium  carbonate  in 
slight  excess.  It  was  then  again  filtered  through  asbestos.  The 
caustic  soda  was  a  solution  of  100  grammes  in  250  c.c.  of  water, 
and  the  urea  was  employed  in  2  per  cent,  solution,  so  that  5  c.c. 
represented  0*100  gramme  of  urea.  The  mixed  hypochlorite  and 

1  Fenton  lays  much  stress  on  the  mode  of  preparation  of  the  hypochlorite. 
He  passes  chlorine  through  a  10  per  cent,  solution  of  caustic  soda  until  it  is 
nearly  saturated,  and  mixes  the  product  with  an  equal  measure  of  a  strong 
solution  of  caustic  soda  (1  in  3).  Fenton  employs  at  least  80  c.c.  of  this 
mixture  for  decomposing  0'050  gramme  of  urea,  the  solution  of  which  is 
introduced  in  a  sample-tube.  Vigorous  and  repeated  agitation  of  the  con- 
taining flask  or  bottle  is  essential.  Under  these  conditions  the  reaction  is 
found  by  Fenton  to  be  complete  in  30  to  40  minutes,  and  no  further  evolution 
of  nitrogen  occurs  on  subsequently  adding  a  bromide  or  hypobromite,  thus 
proving  that  no  carbamate  has  been  formed.  The  nitrogen  evolved  is  from 
48  to  60  per  cent,  of  the  total,  so  that  the  reaction  has  rather  a  scientific 
interest  than  one  on  which  can  be  based  a  method  for  the  accurate  determina- 
tion of  urea  ;  but  Fenton  suggests  that  it  may  be  applied  to  the  approximate 
estimation  of  urea  in  presence  of  ammonia  and  of  carbamates. 

Fen  ton  (Jour.  Chem.  Soc.,  xxxv.  12)  gives  the  following  as  the  percent- 
age of  the  total  nitrogen  evolved  from  various  nitrogenised  compounds  on 
treatment  with  caustic  soda,  and  a  hypochlorite  instead  of  hypobromite  :— 
Ammonium  carbamate,  50  (the  suppressed  nitrogen  remaining  in  the  liquid 
as  sodium  carbamate) ;  biuret,  33  ;  potassium  cyanate,  none ;  guanidine, 
67  ;  and  urea,  50  per  cent,  of  the  total  contained  nitrogen. 
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caustic  soda  solutions  were  placed  in  the  flask  shown  in  fig.  12, 
page  272,  and  the  urea  solution  introduced  in  a  sample-tube,  as  in 
fig.  11,  page  268.  The  contents  of  the  tube  were  then  caused  to 
mix  with  the  hypochlorite  by  inclining  the  flask,  which  was  shaken 
at  intervals  as  long  as  gas  continued  to  be  evolved.  This  occurred 
somewhat  sluggishly,  but  was  usually  complete  in  half  an  hour. 
In  some  experiments  the  action  was  allowed  to  continue  for  several 
hours.  The  hypobromite  reagent  (or  its  equivalent)  was  then 
allowed  to  run  into  the  flask  through  the  tap  of  the  separating 
funnel,  and  the  volume  of  nitrogen  gas  evolved  again  observed. 
In  all  cases  the  amounts  of  the  reagents  were  many  times  those 
theoretically  required.  Fenton  found  the  suppressed  nitrogen  to 
be  converted  into  cyanate,  and  hence  in  his  experiments  no 
further  evolution  of  gas  occurred  on  subsequently  treating  the 
liquid  with  the  hypobromite  reagent.  The  same  fact  was  observed 
by  the  author  in  certain  experiments ;  but  the  percentages  of  the 
total  nitrogen  evolved  by  the  action  of  the  hypochlorite  were  very 
variable,  apparently  decreasing  irregularly  with  an  increase  in  the 
quantities  of  the  reagents.  In  some  experiments  a  notable  quan- 
tity of  gas  was  evolved  on  treating  the  solution  with  hypobromite 
after  the  completion  of  the  hypochlorite  reaction.  Such  evolution 
of  nitrogen  is  regarded  by  Fenton  as  characteristic  of  a  carbamate. 
Hence  the  inference  from  the  author's  experiments  is  that  on 
treating  urea  with  a  hypochlorite  solution  and  caustic  soda,  a 
variable  proportion  (from  27  to  nearly  100  per  cent.)  is  completely 
split  up  with  evolution  of  the  nitrogen  as  gas ;  a  second  variable 
quantity  (varying  from  nil  to  50  per  cent.)  is  converted  into 
carbamate ;  while  a  third  reverts  to  the  condition  of  cyanate.1 
Nitrate  is  alleged  to  be  formed  when  hypobromite  is  employed, 
but  is  stated  by  Fenton  to  be  absent  from  the  products  of  the 
action  of  hypochlorite  on  urea. 

Separation  of  Urea  from  Ammonia. — Ammoniacal  compounds, 
when  treated  with  the  hypobromite  reagent,  yield  their  nitrogen 
in  the  form  of  gas  as  promptly  and  perfectly  as  does  urea.  Hence 
the  volume  of  nitrogen  evolved  when  urine  is  submitted  to  the 
process  includes  that  existing  as  ammonia  as  well  as  that  present 
as  urea ;  but  as  urinary  ammonia  usually  has  its  origin  in  pre- 
existing urea,  it  is  rarely  necessary  to  determine  it  separately. 
When  this  is  desired,  it  may  be  effected  by  titrating  50  c.c.  of  the 

1  The  larger  the  quantities  of  the  reagents  used,  the  less  appeared  to  be 
the  tendency  to  form  carbamate,  and  the  nearer  was  the  approximation  to 
Fenton's  reaction.  But  the  fact  that  a  carbamate  is  apparently  formed 
under  certain  conditions  shows  that  the  reaction  is  not  yet  fully  under- 
stood. 
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urine  with  litmus  and  normal  sulphuric  acid,  each  c.c.  of  which 
represents  0'017  gramme  of  ammonia  or  0*030  of  urea. 

This  process,  of  course,  only  estimates  ammonia  existing  as 
carbonate  or  in  a  free  state.  The  determination  of  the  total 
ammonia  existing  in  urine  may  be  effected  by  precipitation  with 
platinic  chloride,  distillation  of  the  chloroplatinate  with  soda,  and 
titration  of  the  ammonia  in  the  distillate.  A  simpler  plan  is  as 
follows  : — Render  100  c.c.  of  the  urine  exactly  neutral  to  litmus. 
Add  10  c.c.  of  normal  caustic  soda,  and  boil  the  liquid  in  a 
capacious  flask  as  long  as  the  steam  has  an  alkaline  reaction.1 
The  residual  liquid  is  then  titrated  with  decinormal  acid  and 
litmus.  The  loss  of  alkalinity  represents  the  ammonia  volatilised. 
Any  decomposition  of  urea  which  may  occur  does  not  affect  the 
results,  since  urea  is  neutral  to  litmus. 

In  certain  physiological  researches  it  is  important  to  distinguish 
between  the  nitrogen  eliminated  in  the  form  of  urea  and  that 
existing  as  ammoniacal  compounds,  and  to  determine  both  forms 
with  the  greatest  attainable  accuracy.  In  such  cases,  M  6  r  n  e  r 
and  Sjoquist  (Zeits.  anal.  Chem.,  xxx.  388)  determine  the 
urea  by  the  following  method,  the  value  of  which  is  confirmed  by 
E.  Bodtker  (Zeits.  physiol.  Chem.,  xvii.  140).  Five  c.c.  measure 
of  the  urine  is  mixed  in  a  flask  with  an  equal  measure  of  a  saturated 
solution  of  barium  chloride  containing  5  per  cent,  of  barium 
hydroxide.  To  this  is  added  100  c.c.  of  a  mixture  of  two  mea- 
sures of  absolute  (97  per  cent.)  alcohol  with  one  measure  of  ether, 
and  the  whole  left  in  the  closed  flask  for  twenty-four  hours.  The 
liquid  is  then  filtered,  and  the  precipitate  washed  with  the  ether- 
alcohol.  The  filtrate  and  washings  are  distilled  (assisted  by 
bubbling  air  through  the  liquid)  at  a  temperature  not  exceeding 
55°  C.,  until  reduced  to  a  volume  of  25  c.c.  A  little  water 
and  calcined  magnesia  are  then  added,  and  the  liquid  distilled 
until  the  vapours  are  no  longer  alkaline.  The  liquid  remaining 
in  the  flask  is  treated  with  a  few  drops  of  concentrated  sul- 
phuric acid,  and  the  urea  estimated  by  Bunsen's  or  Kjeldahl's 
method. 

Determination  of  Urea  in  Blood  and  Tissues. 

When  it  is  desired  to  determine  the  proportion  of  urea  present 
in  animal  products  other  than  urine,  it  is  necessary  to  remove 
various  interfering  substances.  A  convenient  plan,  in  the  case  of 
blood  or  tissues,  is  to  treat  the  substance  with  alcohol  in  sufficient 
quantity  to  coagulate  the  proteids,  and  evaporate  the  alcoholic 
extract.  The  residue  is  in  many  cases  sufficiently  pure  to  allow 

1  A  troublesome  froth  is  apt  to  form  on  first  heating,  but  it  subsides  after 
cautious  ebullition  for  a  few  minutes. 
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of  the  separation  of  the  urea  as  oxalate,  or  of  its  determination 
by  hypobromite.  M.  Kaufmann  treats  the  residue  with 
Millon's  reagent  (a  solution  of  nitrate  of  mercury  containing 
nitrous  acid)  over  mercury,  measuring  the  nitrogen  and  carbon 
dioxide  evolved.  Other  extractives  do  not  interfere,  and  the 
results  are  said  to  be  very  satisfactory.  B.  Schondorff 
(Pfluger's  Archiv.j  1895,  Ixii.  57)  treats  the  finely-divided  sub- 
stance with  alcohol,  acidifies  the  filtered  liquid  with  acetic  acid, 
evaporates  to  dryness,  takes  up  the  residue  with  alcohol,  and 
again  evaporates  the  filtered  liquid  to  dryness.  The  residue  is 
extracted  with  hot  water,  and  the  solution  treated  with  a  solution 
of  phospho-tungstic  acid  containing  10  per  cent,  of  hydrochloric 
acid  of  1*12  sp.  gravity.  This  reagent  completely  precipitates 
creatiuine  (not  creatine),  xanthine,  guanine,  and  uric  acid  ;  but  not 
urea  or  the  amido-bases.  These  latter  compounds,  however,  do 
not  give  off  nitrogen  when  heated  to  150°  with  phosphoric  anhy- 
dride, and  yield  only  insignificant  traces  of  carbon  dioxide  when 
heated  under  pressure  at  150°  with  an  alkaline  solution  of  barium 
chloride.  Urea,  on  the  other  hand,  yields  all  its  nitrogen  as  gas 
when  heated  to  150°  with  phosphoric  anhydride,  and  is  completely 
decomposed  into  ammonia  and  carbon  dioxide  at  the  same  tem- 
perature by  alkaline  barium  chloride.  Hence,  Schondorff  renders 
the  filtrate  from  the  precipitate  produced  by  phospho-tungstic  acid 
alkaline  with  powdered  lime,  and  determines  in  the  filtered  liquid 
the  total  nitrogen  by  Kjeldahl's  process  ;  the  nitrogen  evolved  by 
treatment  at  150°  with  phosphoric  anhydride,  and  the  carbon 
dioxide  produced  by  heating  with  alkaline  barium  chloride,  which 
should  give  one  molecule  of  carbon  dioxide  for  two  of  ammonia 
produced  in  the  previous  process. 

Pekelharing  (Jour.  Ghem.  Soc.,  xxix.  775)  considers  Bunsen's 
method  of  estimating  urea  objectionable.  For  the  estimation  of  urea 
in  the  blood,  liver,  &c.,  he  extracts  the  liquid  or  viscous  matter, 
and  coagulates  albumin,  by  heating  with  faintly  acidulated  water. 
The  filtered  liquid  is  precipitated  by  lead  acetate,  filtered,  freed 
from  excess  of  lead  by  sulphuretted  hydrogen,  again  filtered,  and 
evaporated  to  a  small  bulk.  The  concentrated  liquid  is  acidified 
by  acetic  acid  and  the  urea  precipitated  by  mercuric  nitrate, 
(See  also  P.  Pi  card,  Compt.  rend.,  Ixxxiii.  991  ;  abst.  Jour.  Chem. 
Soc.,  xxxi.  486.) 

Para-phenetol-carbamide.    Duicine.    Sucroi. 

CH  NO   •  ie    COPH-C6H4.0(C2H5) 

^niNU         l'6"   L  J 


This  substance  has  a  pure  sweet  taste,  about  200  times  as 
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intense  as  that  of  cane-sugar,  and  is  now  employed  as  a  substitute 
for  benzoic  sulpliinide  ("Saccharine,"  Part  i.  page  26)  in  cases 
where  the  use  of  sugar  is  objectionable. 

Dulcine  was  first  prepared  by  the  reaction  of  paraphenethidine 
hydrochloride  (Part  ii.  page  81)  with  potassium  cyanate,  but 
has  been  subsequently  obtained  by  the  reaction  of  paraphene- 
thidine with  carbon  oxychloride,  and  treatment  of  the  resultant 
chloro-compound  with  ammonia1:  — 


Paraphenethidine. 

b.          COC1.NH.  C6H4.  OC2H5  +  2NH3  =  NH4C1  +  NH2.  CO.  NH.  C6H4.  OC2H5 

Dulciue. 

Dulcine  has  also  been  prepared  by  the  reaction  of  paraphenethi- 
dine with  aniline,  when  it  is  produced  together  with  di  para- 
ph e  n  e  t  o  1  carbamide.  The  taste  of  the  latter  compound  is  not 
sweet,  but  by  heating  for  several  hours  to  160°  with  an  equivalent 
quantity  of  urea  it  is  converted  into  the  monophenetol-derivative 
(dulcine),  according  to  the  equation  :  — 


Diparaphenetol-carbamide.         Urea.  Dulcine. 

Dulcine  is  also  produced  by  heating  the  diphenetol-urea 
with  ammonium  carbarn  ate  or  commercial  carbonate  of  am- 
monium. 

Dulcine  forms  colourless  or  yellowish  shining  needles,  which 
melt  at  173°  to  174°  (at  160°,  Morpurgo).  It  is  soluble  in 
about  800  parts  of  cold  or  in  50  of  boiling  water,  and  dissolves  in 
25  parts  of  rectified  spirit.  It  is  also  soluble  in  ether  and  in 
benzene.  When  pure  it  dissolves  in  concentrated  sulphuric  acid 

1  A  solution  of  paraphenethidine  in  benzol  is  gradually  added  to  a  20  per 
cent,  solution  of  carbon  oxychloride  in  the  same  solvent.  After  standing  for 
an  hour  or  so,  the  liquid  is  filtered,  and  the  filtrate  treated  with  ammonia 
gas  or  shaken  with  a  strong  solution  of  ammonia.  The  ammonium  chloride  is 
filtered  off'  and  the  filtrate  evaporated,  the  residue  washed  with  cold  water, 
and  the  dulcine  recrystallised  from  boiling  water. 

If  concentrated  solutions  are  employed  in  the  foregoing  process  d  i  p  a  r  a- 
phenetol-carbamide  is  also  formed.  According  to  F.  v.  H  e  y  d  e  n, 
in  operating  on  a  large  scale,  the  carbonyl  chloride  compound  is  not  formed, 
or  only  in  small  amount,  the  reaction  taking  place  with  formation  of  p  a  r  a- 
ethoxyphenyl  isocyanate,  CO:N.C6H4.OEt,  which  body  yields 
dulcine  on  treatment  with  ammonia. 

Dulcine  is  also  obtained  by  heating  paraphenethidine  with  urethane  or  with 
acetyl-urea. 


^ue^j, 
UNIV°ERESITT 


REACTIONS   OF  DULCINE. 


without  coloration.  When  boiled  with  water,  dulcine  gradually 
decomposes  into  ammonium  carbonate  and  diparaphenetol-car- 
•bamide. 

On  adding  fuming  nitric  acid  to  a  fragment  of  solid  dulcine  a 
violent  reaction  occurs,  and  the  substance  dissolves  with  orange- 
red  coloration.  On  evaporating  the  liquid  to  dryness  at  100°, 
an  orange-yellow  resinous  substance  is  obtained,  which  is  soluble 
in  ether,  chloroform,  or  alcohol.  If  this  resinous  product  be 
triturated  with  a  mixture  of  equal  parts  of  phenol  and  strong 
sulphuric  acid  the  colour  changes  to  a  blood-red,  which  is  per- 
manent for  a  considerable  time. 

For  the  detection  of  dulcine  in  wine,  beer,  &c.,  G.  Morpurgo 
treats  the  suspected  liquid  with  5  per  cent,  of  lead  carbonate, 
evaporates  on  a  water-bath  to  a  thick  paste,  and  treats  the  residue 
several  times  with  strong  alcohol.  The  alcoholic  solution  is 
evaporated  to  dryness,  and  the  residue  extracted  with  ether.  On 
evaporating  the  ether,  a  residue  is  obtained  of  nearly  pure  dulcine, 
which  may  be  recognised  by  its  sweet  taste  and  by  the  following 
reaction.  The  residue  is  warmed  with  two  drops  of  phenol  and 
two  drops  of  concentrated  sulphuric  acid,  the  resultant  reddish- 
brown  syrup  rinsed  into  a  test-tube  with  a  few  c.c.  of  water,  and 
the  liquid  cooled.  Ammonia  or  caustic  soda  is  then  poured 
cautiously  on  to  the  surface,  when  the  production  of  a  blue  or 
violet-blue  zone  at  the  junction  of  the  two  layers  will  indicate 
the  presence  of  dulcine. 

Dulcine  does  not  appear  to  affect  the  digestive  action  of  ptyalin 
or  pepsin,  and  has  no  antiseptic  properties.  Considerable  doses 
are  stated  to  produce  no  distaste  or  injurious  effects,  even  when 
long  continued. 


IMIDO-BASES. 

The  imido-bases  are  distinguished  by  containing  the  group 
— NH,  otherwise  than  as  a  link  in  a  closed  chain,  as  it  exists  in 
xanthine,  uric  acid,  &c.  Indole  and  skatole  do  not  come  within 
this  description,  and  in  other  respects  present  marked  differences 
from  the  true  imido-bases ;  but  they  are  conveniently  classed 
and  considered  therewith.  In  some  cases,  as  in  that  of  guani- 
dine  (page  282),  the  imido-bases  also  contain  one  or  more 
amido-groups.  The  members  of  the  group  have  in  some  cases 
considerable  interest,  and  certain  of  them  are  important  con- 
stituents of  meat-juice  and  other  animal  products ;  but  none 
of  them  have  hitherto  received  any  practical  application  in  an 
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isolated  state.     The  chief  members   of   the    class    may  be    thus 
formulated  :  — 

GUANIDINE.  METHYL-GUANIDINE. 


GLYCOCYAMINE.I  CREATINE. 

(Guanido-acetic  acid.)  (Methyl-  Glycocyamine.) 


{1VTT  (  ATTT 

1N±12  IVTIT-P  J   1N±12 
NH.CH2.COOH  U  (  IsTMe.CH2.COOH 

GLYCOCYAMIDINE.2  CREATININE. 


(NH.CO    )  JNH.CO-1 

Ciira.CH2f  "JNMe.CHa  f 

TxmnTT?  SKATOLE. 

(Methyl-Indole.) 

KH.(CH:CH)  (CHtCMel 
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Guanidine.    Imido-urea. 

CH5N3;  i.e., 

Guanidine  has  not  been  detected  in  any  animal  tissue  or  fluid, 
but  has  been  isolated  from  vetch-seedlings.  It  has  been  obtained 
by  the  direct  oxidation  of  proteids,  and  yields  urea  by  boiling 
with  baryta-  water  or  dilute  acids.  Guanidine  is  the  chief  product 
of  the  action  of  oxidising  agents  on  guauine,  and  may  be  regarded 
as  a  connecting  link  between  creatine  and  the  xanthine  bases. 

1  GLYCOCYAMINE  is  obtained  when  glycocine  is  boiled  with  guanidine 
carbonate  in  aqueous  solution,   ammonia  carbonate  being  simultaneously 
formed.     It  forms  transparent  needles,  sparingly  soluble  in  cold  water,  but 
readily  on  boiling,  and  insoluble  in  alcohol.      Boiled  with  cupric  acetate  it 
gives  microscopic  crystals  containing  Cu(C3H6N302)2.      According  to  A.  B. 
Griffith  s,  glycocyamine  occurs  in  putrid  flesh. 

Propyl-glycocyamwie  is  stated  by  A.  B.  Griffiths  to  occur  in  the 
urine  of  patients  suffering  from  mumps.  It  is  described  as  a  white,  neutral 
solid,  causing  nervous  excitement,  convulsions,  and  death. 

2  GLYCOCYAMIDINE  hydrochloride  is  obtained  when  glycocyamine  hydro- 
chloride  is  heated  to  160°.     On  boiling  the  product  with  water  and  lead 
hydroxide  the  free  base  is  obtained  in  laminae  of  alkaline  reaction,  which 
have  a  bitter  taste,  are  poisonous,  and  very  soluble  in  water.      Glycocy- 
amidine  forms  a  compound  with  zinc  chloride  which  crystallises  in  needles 
closely  resembling  the  corresponding  compound  of  creatinine.     According 
to  A.  B.  Griffiths,  glycocyamidine  occurs  in  the  urine  of  persons  suffering 
from  measles. 


GUANIDINE.  283 

Guanidine  has  been  obtained  synthetically  by  several  methods, 
among  which  may  be  mentioned  the  reaction  of  cyanamide  with 
ammonia:— CKNH2  +  NH3  =  NH:C(NH2)2.  In  practice,  am- 
monium chloride  is  heated  with  an  alcoholic  solution  of  cyanamide. 

Guanidine  may  be  conveniently  prepared  by  beating  dry  ammo- 
nium thiocyanate  to  180°-190°  C.  for  twenty  hours.  A  portion 
of  the  thiocyanate  is  isomerised  into  thiourea,  which  reacts  with 
the  undecomposed  ammonium  thiocyanate  to  yield  a  product  con- 
sisting mainly  of  guanidine  thiocyanate.  This  is  purified  by 
crystallisation  from  water  or  alcohol,  and  the  solution  of  100 
parts  mixed  with  the  solution  of  58  parts  of  potassium  carbonate, 
and  evaporated  to  dryness.  From  the  residue,  the  potassium 
thiocyanate  is  removed  by  treatment  with  alcohol,  and  the  guani- 
dine carbonate  recrystallised  from  water.  From  this  salt  free 
guanidine  is  obtained  by  dissolving  it  in  the  calculated  quantity 
of  dilute  sulphuric  acid  and  adding  an  equivalent  amount  of 
baryta-water.  On  evaporation  in  vacuo  over  sulphuric  acid,  the 
guanidine  is  obtained  in  deliquescent  crystals. 

Guanidine  is  a  strongly  alkaline,  crystalline  substance  having  a 
caustic  taste.  It  is  readily  soluble  in  water  and  alcohol.  On 
exposure  to  air  it  deliquesces  and  absorbs  carbon  dioxide  with 
conversion  into  the  carbonate. 

When  boiled  with  baryta-water,  guanidine  yields  ammonia  and 
urea,  thus  :— NH:C(NH2)2  +  H20  =  NH8  +  CO(NH2)2.  The  urea 
further  splits  up  into  ammonia  and  carbon  dioxide.  With  hot 
concentrated  acids  and  alkalies  these  are  the  sole  products. 

Guanidine  is  a  monovalent  base  which  forms  a  series  of  crystallis- 
able  salts  with  acids.  Guanidine  nitrate,  CH5N3,HN03,  forms 
crystalline  plates  which  are  sparingly  soluble  in  water.  B2,H2PtCl6 
is  sparingly  soluble  in  absolute  alcohol. 

Many  salts  of  guanidine,  including  the  nitrate,  sulphate,  car- 
bonate, and  hydrochloride,  give  with  Nessler's  reagent  a  white  or 
faintly  yellowish  precipitate,  at  first  flocculent  and  bulky,  but 
collecting  together  after  a  time.  E.  Schulze  (Ber.,  xxv.  661) 
describes  the  reaction  as  very  delicate ;  a  0*05  per  cent,  solution 
giving  an  appreciable  precipitate,  while  even  a  O'Ol  per  cent, 
solution  is  rendered  turbid. 

Guanidine  is  not  precipitated  by  lead  acetate,  but  is  separated 
very  completely  by  phospho-tungstic  acid,  which  reagent  is 
employed  by  E.  Schulze  for  its  isolation  from  plant-substances.1 

1  Vetch-seedlings  which  had  grown  for  three  weeks  in  the  dark  were  dried, 
powdered,  and  digested  with  rectified  spirit.  The  extract  was  filtered,  dis- 
tilled, the  residue  treated  with  water  and  some  tannin,  and  then  precipitated 
by  lead  acetate.  The  filtered  liquid  was  precipitated  with  phospho-tungstic 
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Guanidine  may  be  conveniently  purified  and  determined  by  pre- 
cipitating the  solution  of  one  of  its  salts  by  an  aqueous  solution  of 
picric  acid.  Guanidine  picrate  requires  2600  parts  of  cold  water 
for  solution,  and  is  only  sparingly  soluble  in  alcohol  and  ether.  It 
crystallises  in  very  characteristic  forms,  does  not  melt  at  280°,  but 
burns  at  a  higher  temperature.  It  does  not  detonate  when  struck. 

When  equivalent  weights  of  guanidine  and  phenol  are  dissolved 
in  hot  alcohol,  triphenyl-guanidine  is  formed,  and  on  adding  picric 
acid  to  a  solution  of  this  compound,  the  corresponding  picrate, 
CH2Ph3]ST3,C6H3(^s"02)30,  is  obtained  as  a  precipitate  of  slender 
needles,  melting  at  208°,  and  requiring  about  12,000  parts  of  cold 
water  for  solution.  Guanidine  aurichloride,  CH5N3,HAuCl4, 
forms  long  yellow  needles  difficultly  soluble  in  water. 

On  treating  guanidine  carbonate  with  a  solution  of  sodium 
hypobromite,  as  described  on  page  268,  it  is  stated  by  H.  J.  H. 
Fen  ton  that  two-thirds  of  the  nitrogen  is  evolved  in  the  gaseous 
state,  while  the  rest  is  converted  into  cyanate,1  according  to  the 
equation  :— NH:C(NH2)2  +  03  =  HCKO  +  2H20  +  IST2 . 

Guanidine  forms  an  insoluble  compound  with  mercuric  oxide, 
which  fact  is  utilised  byGergers  and  B a u m a n n  (Pfliigers Archiv., 
xii.  205)  for  the  isolation  of  the  base  from  urine.2 

Guanidine  has  marked  poisonous  properties.  In  dogs  it  pro- 
duces paralysis,  convulsions,  vomiting,  and  difficult  breathing ;  in 
frogs,  muscular  twitchings,  paralysis,  and  (with  a  dose  of  0'050 
gramme)  death. 

acid,  the  precipitate  washed  with  dilute  sulphuric  acid,  and  decomposed  with 
cold  lime-water.  The  filtered  liquid  was  freed  from  lime  by  carbon  dioxide, 
the  nitrate  neutralised  with  nitric  acid,  and  concentrated  on  the  water-bath. 
On  cooling,  guanidine  nitrate  crystallised  out,  1  gramme  being  obtained  from 
3  kilogrammes  of  vetch-seedlings  (Ber.,  xxv.  658). 

1  This  reaction  is  remarkable  in  view  of  the  fact  that  when  gently  warmed 
with  a  caustic  alkali  guanidine  is  decomposed  into  ammonia  and  urea,  each 
of  which  yields  nearly  all  its  nitrogen  in  the  form  of  gas  when  treated  with 
hypobromite. 

*  The  urine  is  precipitated  with  baryta-water,  the  filtrate  neutralised  by 
hydrochloric  acid  and  evaporated  to  a  syrup  at  100°.  The  residue  is  ex- 
hausted with  alcohol,  the  filtered  liquid  evaporated,  and  the  residue  taken  up 
by  a  little  water.  The  solution  is  shaken  with  freshly-precipitated  mercuric 
oxide,  and  allowed  to  stand  for  two  days  in  a  warm  place,  when  the  precipi- 
tate is  filtered  off,  treated  with  hydrochloric  acid,  and  the  mercury  precipi- 
tated by  sulphuretted  hydrogen.  The  filtered  liquid  is  evaporated  and  the 
residue  dissolved  in  absolute  alcohol.  The  solution  is  treated  with  platinic 
chloride,  the  precipitate  of  ammonium  chloroplatinate  removed  by  filtration, 
and  the  filtrate  evaporated  to  a  small  bulk,  when  on  long  standing  guanidine 
chloroplatinate  crystallises  out. 
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M  ETHYL  -GUANIDINE,  NH:C(NH2).NH(CH3),  is  produced  by 
boiling  creatine  with  mercuric  oxide,  or  with  dioxide  of  lead  and 
dilute  sulphuric  acid.  It  has  been  isolated  by  Brieger  from 
putrefying  horse-flesh,  and  has  been  found  in  other  decomposing 
animal  matters.1 

Methyl-guanidine  forms  a  strongly  alkaline,  deliquescent,  crys- 
talline mass,  which  evolves  ammonia  and  methylamine  when 
boiled  with  caustic  alkali.  B,HC1  crystallises  in  needles  insoluble 
in  alcohol.  B,HAuCl4  forms  rhombic  crystals,  melting  at  198°, 
very  sparingly  soluble  in  cold  water,  but  readily  dissolved  by 
alcohol  or  ether.  Methyl-guanidine  picrate,  when  first  precipitated, 
forms  a  resinous  mass,  which,  by  boiling  with  water,  is  converted 
into  needles  melting  at  192°  and  soluble  in  boiling  absolute 
alcohol. 

Methyl-guanidine  has  marked  poisonous  properties,  the  symptoms 
observed  being  rapid  respiration,  mydriasis,  paralysis,  convulsions, 
and  death.  Brieger  found  it  to  produce  choleraic  symptoms. 

Creatine.  Methyl-glycocyamine.  Methyl-guanidine-aceticAcid. 
C  H  N  0  •  or  NH.C  f  N(CH3).CH2.COOH 
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Creatine  has  been  obtained  synthetically  by  heating  sarcosine 
with  an  alcoholic  solution  of  cyanamide,  thus  :  — 

CH2NHMe.COOH  +  CN.NH2  =  NH:C(NH2).(NMe).CH2.COOH. 

Creatine  is  a  constant  constituent  of  muscle-substance,  the  flesh 
of  fo'wls  being  said  to  contain  0'32  per  cent.,  cod-fish  0'17,  and 
beef  0'07  per  cent.  Creatine  has  also  been  found  in  nerve- 
tissue,  and  probably  occurs  in  minute  traces  in  animal  fluids.  But 
its  isolation  from  these  does  not  prove  its  pre-  existence,  since  it  is 
very  readily  formed  by  the  dehydration  of  creatinine,  into  which 
body,  on  the  other  hand,  creatine  is  very  easily  changed. 

1  B  o  c  k  1  i  s  c  h  isolated  methyl-guanidine  from  impure  cultures  of  Vibrio 
proteus  in  beef-broth.  The  ptomaines  were  precipitated  by  mercuric  chloride 
in  the  manner  directed  by  Brieger  (page  336),  and  the  precipitate  decom- 
posed by  sulphuretted  hydrogen  in  the  usual  way.  The  filtrate  from  the 
mercuric  sulphide  was  concentrated  and  treated  with  a  solution  of  sodium 
picrate,  which  precipitated  the  methyl-guanidine  together  with  creatinine 
and  cadaverine.  On  boiling  the  precipitate  with  absolute  alcohol,  the  cada- 
verine  picrate  remained  undissolved.  The  nitrate  was  evaporated,  and  the 
residue  taken  up  with  water,  the  solution  acidulated  with  hydrochloric  acid 
and  shaken  with  ether  to  remove  the  picric  acid,  and  the  aqueous  layer 
treated  with  auric  chloride,  when  the  gold  salt  of  methyl-guanidine  was  pre- 
cipitated, that  of  creatinine  remaining  in  solution. 
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Creatine  is  most  conveniently  prepared  from  Liebig's  extract  of 
meat,1  which  sometimes  contains  granular  crystals  of  the  base.  The 
extract  should  be  dissolved  in  about  20  parts  of  water  and  the 
solution  precipitated  by  a  slight  excess  of  basic  acetate  of  lead. 
The  filtered  liquid  is  treated  with  sulphuretted  hydrogen,  again 
filtered,  and  concentrated  to  a  syrup  at  a  moderate  temperature 
avoiding  ebullition.  Creatine  crystallises  out  on  standing  in  a  cool 
place  for  some  days.  A  more  complete  precipitation  is  effected  if 
2  or  3  volumes  of  alcohol  be  added.  The  precipitate  of  creatine 
is  collected  on  a  filter,  washed  with  rectified  spirit,  and  recrystal- 
lised  from  water. 

Creatine  is  a  white  opaque  substance,  but  it  crystallises  with 
one  molecule  of  water  in  colourless,  transparent  rhombic  prisms 
(fig.  13),  which,  when  heated  to  100°  C.,  lose  their  water  and 

become  opaque.  Creatine  is  soluble 
in  75  parts  of  cold  water,  and  very 
soluble  in  hot.  It  is  only  very 
slightly  soluble  in  absolute  alcohol, 
more  soluble  in  dilute  spirit,  and 
insoluble  in  ether. 

On  cooling  a  strong  aqueous  solu- 
tion of  creatine,  the  base  separates 
in  bulky  needles.  On  more  gradual 

evaporation  of  a  dilute  solution  it  is 
Fig.  13.— CREATINE  (after  Frey).        ,     r   .,    ,  .     . 

deposited  in  large  prisms. 

The  aqueous  solution  of  creatine  has  a  slightly  bitter  taste, 
and  is  neutral  to  litmus.  With  acids,  creatine  reacts  as  a 
monacid  base,  and  combines  to  form  crystallisable  salts.  The 
sulphate  forms  slender  prisms,  and  the  nitrate  and  hydro- 
chloride  thick  short  prisms.  Creatine  also  unites  with  various 
neutral  salts  to  form  crystallisable  compounds.  That  with  zinc 
chloride  forms  small  crystals,  decomposed  by  wTater  into  its 
constituents. 

Conversion  of  creatine  into  creatinine,  with  loss  of  the  elements 
of  water,  takes  place  when  solutions  of  creatine  salts  are  heated 
above  30°  C.  Also,  on  passing  a  current  of  hydrochloric  acid  gas 
over  solid  creatine,  it  is  converted  into  creatinine  hydrochloride.  On 
evaporating  a  solution  of  creatine  with  the  calculated  quantity  of 
dilute  sulphuric  acid,  it  yields  creatinine  sulphate.  Conversion 
also  occurs  very  readily  on  boiling  creatine  with  dilute  hydrochloric 
acid,  and  the  resultant  creatinine  can  be  readily  identified  by 
conversion  into  the  zinc  chloride  compound.  Creatine  is  also 

1  Creatine  was  first  isolated  by  Chevreul,  in  1835,  from  a  commercial 
meat  extract  or  bouillon  on  which  he  was  requested  to  report. 
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completely  converted  into  creatinine  by  heating  for  ten  hours 
with  dilute  acetic  acid. 

When  boiled  with  baryta-  water,  creatine  is  decomposed  into  urea 
and  sar  cosine,  methyl-hydantoin  being  also  formed.  Sarcosine 
and  urea  are  also  formed  when  creatine  is  heated  in  a  sealed 
tube  to  150°  with  an  alkaline  solution  of  barium  chloride.  The 
urea  is  further  decomposed  by  the  treatment,  so  that  2NU3  +  C02 
are  formed  from  one  molecule  of  creatine.  By  heating  with 
phosphoric  acid  to  150°,  creatine  yields  methyl-hydantoin  and 
one  molecule  of  ammonia,  whereas  urea  yields  2NH3  under  similar 
treatment.  On  heating  an  aqueous  solution  of  creatine  with 
mercuric  oxide,  oxalic  acid  and  methyl-guanidine  are 
formed  :—  C4HgN802  +  2HgO  =  C2H204  +  C2H7N3  +  2Hg. 

If  to  2  c.c.  of  a  cold  saturated  solution  of  creatine,  five  or  six 
drops  of  a  20  percent,  solution  of  silver  nitrate  be  added,  and  then 
sufficient  solution  of  caustic  potash  to  dissolve  the  precipitate 
first  formed,  the  liquid  soon  sets  to  a  transparent  jelly,  and  on 
heating  separation  of  metallic  silver  takes  place. 

Creatine  does  not  precipitate  a  solution  of  zinc  chloride,  a 
behaviour  which  distinguishes  it  from  creatinine. 

Creatine  is  also  distinguished  from  creatinine  by  being  unpre- 
cipitated  by  a  solution  of  phospho-tungstic  acid  in  presence  of 
hydrochloric  acid. 

Creatine  reduces  Fehl  ing's  copper  solution  on  long  boiling,  but 
no  separation  of  cuprous  oxide  takes  place. 

When  heated  with  nitrous  acid,  one-half  the  nitrogen  of  crea- 
tine is  evolved  in  the  free  state.  With  alkaline  hypobromite, 
two-thirds  of  the  nitrogen  is  said  to  be  evolved.  When  heated 
with  soda-lime,  creatine  yields  methylamine. 

Kobert  (Chem.  Zeit.,  1888,  p.  1662)  recommends  creatine  as 
a  valuable  excitant  of  muscular  action,  in  the  case  of  the  heart, 
digestive  organs,  and  general  muscular  system. 

Creatinine.     Methyl-glycocyamidine. 


Creatinine  is  an  anhydride  of  creatine,  C4H9N302  (page  285), 
and  is  produced  from  the  latter  body  with  great  facility.  Creatin- 
ine occurs  constantly  in  normal  human  urine,  the  amount  varying, 
according  to  Voit,  from  0*5  to  4*9  grammes  per  diem,  according 
to  the  quantity  of  proteids  eaten.1  The  proportion  is  not  diminished 

1  According  to  J.  L.  W.  T  h  u  d  i  c  h  u  m,  the  nitrogen  eliminated  by  the 
kidneys  in  the  form  of  bases  other  than  urea  is  normally  about  11  per  cent. 
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by  fasting,  but  is  said  to  be  increased  in  typhus,  intermittent  fever, 
pneumonia  and  tetanus,  and  diminished  in  convalescence  from 
acute  diseases,  anaemia,  chlorosis,  paralysis  and  phthisis.  Creatinine 
has  been  found  in  sweat  and  in  the  muscles  of  fishes,  and  G.  S. 
Johnson  has  isolated  creatinine,  or  a  modification  of  it,  from  the 
flesh  of  a  healthy  cow. 

Creatinine  may  be  isolated  from  human  urine  by  Liebig's 
process,  which  consists  in  exactly  neutralising  the  liquid  with  milk 
of  lime,  and  adding  calcium  chloride  as  long  as  calcium  phos- 
phate continues  to  be  precipitated.  The  filtrate,  which  should  be 
neutral  or  very  faintly  acid,  is  evaporated  to  a  small  bulk,  and  the 
crystals  of  common  salt,  &c.,  removed.  Thirty-two  parts  of  the 
mother-liquor  are  treated  with  one  part  of  zinc  chloride  in  very 
concentrated  solution,  and  the  whole  left  for  several  days.  The 
creatinine-zinc  chloride,  which  separates  in  nodules,  is  washed 
with  a  little  cold  water,  and  then  with  alcohol.  It  is  then 
boiled  with  recently  precipitated  lead?  hydroxide,  the  filtrate 
evaporated,  and  the  residue  digested  with  absolute  alcohol,  which 
dissolves  the  creatinine,  leaving  any  creatine  insoluble.1 

Heintz  and  Pettenkofer  neutralise  fresh  urine  with  sodium 
carbonate,  evaporate  to  a  syrup,  exhaust  the  syrup  with  alcohol, 
and  add  alcoholic  zinc  chloride  to  the  solution. 

G.  Stillingfleet  Johnson  (Proc.  Royal  Soc.,  1888,  xliii. 
507)  has  devised  a  method  of  isolating  urinary  creatinine,  based 
on  the  formation  of  a  compound  of  creatinine  with  mercuric 
chloride  as  originally  proposed  by  Maly.2  Johnson  treats  a  large 
volume  of  the  urine  with  5  per  cent,  of  its  volume  of  a  saturated 
aqueous  solution  of  sodium  acetate,  and  25  per  cent,  of  a  saturated 
solution  of  mercuric  chloride.  The  precipitate  which  forms  con- 
tains all  the  uric  acid,  xanthine,  and  phosphates  of  the  urine, 

of  the  total  nitrogen,  some  4  per  cent,  being  excreted  in  the  form  of  creatinine. 
Thudichum  found  the  output  of  creatinine  and  creatine  together  to  average 
f  gramme  per  diem. 

E.  Ackermann  (abst.  Jour.  Chem.  Soc.,  1896,  ii.  121)  finds  that  a  man 
on  mixed  diet,  and  doing  regular  work,  excretes,  on  the  average,  1'25  gramme 
of  creatinine  daily. 

1  G.  S.  Johnson  regards  the  creatinine  obtained  by  Liebig's  process  as 
having  undergone  some  change.      It  is  more  soluble  in  alcohol  than  the  base 
obtained  by  his  process  (page  288),  in  which  heating  is  wholly  avoided,  and 
it  forms  an  anhydrous  chloroplatinate. 

2  M  al  y  (Ann.  Chem.  Pharm.,  clix.  279)  recommends  a  preliminary  concen- 
tration of  the  urine  by  heat,  and  precipitation  by  basic  acetate  of  lead  before 
adding  mercuric  chloride.     Johnson's  modification  is  a  marked  improvement 
on  this,  as  it  gives  a  purer  product  and  wholly  avoids  the  use  of  heat,  which 
is  an  essential  condition  if  it  be  desired  to  obtain  unchanged  creatinine. 
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together  with  any  albuminous  matters  which  may  be  present.  The 
precipitate  is  filtered  off  immediately,  and  the  filtrate  left  at  rest 
for  forty -eight  hours.  The  creatinine  gradually  separates  in  micro- 
scopic spherical  masses  of  the  mercuric  chloride  compound.  This 
is  filtered  off,  washed  with  cold  water,  and  decomposed  by  sul- 
phuretted hydrogen.  The  filtered  liquid  is  decolorised  with 
purified  animal  charcoal,  and  concentrated  by  spontaneous  evapora- 
tion over  sulphuric  acid,  when  creatinine  hydrochloride  separates 
in  brownish-yellow  prisms.  The  crystals  are  redissolved  in  15 
parts  of  cold  water,  and  the  cold  solution  treated  with  an  excess 
of  lead  hydroxide,  freshly  prepared  by  precipitating  a  solution  of 
the  acetate  with  ammonia.  The  mixture  is  well  stirred  for  twenty 
minutes  and  then  filtered.  The  filtrate  is  free  from  lead  and 
chlorine,  and  on  evaporation  over  sulphuric  acid  in  a  vacuum 
yields  free  creatinine  in  the  form  of  efflorescent  crystals  containing 
C4H7N30-f-2H20.  If  this  creatinine  be  dissolved  in  cold  water, 
and  the  solution  allowed  to  evaporate  in  vacua  at  the  ordinary 
temperature,  the  hydra  ted  crystals  are  reobtained;  but  if  it  be 
dissolved  in  boiling  water  the  crystals  obtained  on  spontaneous 
evaporation  are  anhydrous  tables,  which,  according  to  G.  S.  Johnson, 
are  not  chemically  identical  with  the  efflorescent  form,  but  recon- 
vertible  into  it  by  modifying  the  process  of  solution.  The  follow- 
ing table  shows  the  results  obtained  by  Johnson  by  the  recrystal- 
lisation  of  " artificial"  urinary  creatinine  (Proc.  Royal  Soc.,  xliii. 
526),  reproduced  from  creatine  which  had  been  prepared  by  boiling 
urinary  creatinine  with  water  : — 


Nature  of  Crystals. 

Solvent. 

Evaporation. 

Product. 

Effloresced  Ka,  .     .    . 

Water  at  60°  C. 

In  vacuo. 

Tabular  K/3. 

Tabular  creatiniue  a, 

Water  at  60°  C. 

In  vacuo. 

Efflorescent  K/3. 

Effloresced  Ka,  .    .    . 

Tabular     K/3     (anhy- 
drous), 
Efflorescent  K/3,     .    . 

Water  at  100°  C. 
Cold  water. 
Cold  water. 

In  vacuo. 
In  vacuo. 
In  vacuo. 

Tabular     Ka     (anhy- 
drous). 
Efflorescent  Ka. 

Efflorescent  K/3. 

G.  S.  Johnson  has  also  employed  the  mercury  process  for  the 
isolation  of  creatinine  from  flesh  (Proc.  Royal  Soc.,  1891,  1.  287), 
but  the  base  obtained  therefrom  appears  to  be  an  isomer  of  urinary 
creatinine.  Johnson  gives  the  following  characters  showing  the 
differences  between  the  creatinines  obtained  from  the  two  sources 
by  the  mercury  method  and  that  regenerated  from  urinary 
c  reatine  : — 
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Besides  the  differences  appearing  in  the  table,  Johnson  states 
that  sarcous  creatinine  appears  in  the  efflorescent  form  only  after 
its  solution  has  been  kept  at  60°  C.  for  some  time,  whereas  the 
natural  creatinine  of  urine,  when  prepared  most  carefully  without 
heat,  is  always  efflorescent  (C4H7N30,2H20). 

Johnson  is  of  opinion  that  sarcous  creatinine  is  probably  really 
present  in  the  fresh  muscle-substance ;  but  having  regard  to  the 
extremely  slow  separation  of  its  mercury  salt  (many  months  being 
required  for  its  complete  precipitation),  he  thinks  it  just  possible 
that  it  may  result  from  gradual  changes  effected  in  some  closely- 
allied  substance  by  the  prolonged  action  of  solution  of  mercuric 
chloride. 

To  the  varieties  of  creatinine  the  characters  of  which  are  shown  in 
the  above  table,  J.  L.  W.  Thudichum  (Med.  Press,  1895,  p.  567) 
adds  another,  obtained  from  human  urine  by  precipitation  with 
phospho-molybdic  acid,  with  subsequent  conversion  into  the  zinc 
chloride  compound  and  the  gold  salt.  This  modification  had  no 
reducing  action  on  Fehling's  solution. 

In  view  of  Johnson's  and  Thudichum's  results,  and  of  the 
existence  of  the  series  of  bases,  closely  allied  to  creatinine,  isolated 
by  Gautier  from  flesh  by  treat- 
ment with  absolute  alcohol  (page 
295),  it  seems  probable  that 
several  closely -allied  substances 
have  been  confused  and  described 
under  the  name  of  "  creatinine." 

As  ordinarily  obtained  from 
urine,  creatinine  crystallises  in 
oblique  rhombic  prisms  and  stellate 
forms  (fig.  14).  It  dissolves  in 
about  11  parts  of  cold  water, 
and  is  sparingly  soluble  in  alcohol, 
but  insoluble  in  ether. 

The  aqueous  solution  of  creati- 
nine is,  according  to  some  observers, 
neutral,  but  according  to  others 
alkaline.1  The  solution  readily  undergoes  change  with  formation 
of  ere  a  tine,  especially  if  ammonia,  oxide  of  lead,  or  other  base 
be  present.  By  prolonged  boiling  with  caustic  alkali,  creatinine  is 
completely  decomposed. 

1  A  strongly  alkaline  sample  leaves  an  alkaline  ash  on  ignition,  proving 
the  presence  of  mineral  impurity.  Salkowski  finds  creatinine  quite  free 
from  alkaline  reaction,  but  it  liberates  ammonia  from  ammoniacal  salts  on 
boiling. 


Fig.  14.— CREATININE  (after  Frey). 
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By    boiling   with    baryta-water,    creatinine    is    hydrolysed    to 
ammonia  and  methyl-hydantoin:  —  > 

+H20  = 


Boiled  with  water  and  mercuric  oxide,  it  gives  methyl-guanidine 
and  oxalic  acid  (compare  creatine).  Heated  with  an  alkaline 
solution  of  barium  chloride,  under  pressure  to  150°,  creatinine 
behaves  like  creatine,  but  is  only  partially  decomposed  by 
phosphoric  anhydride  at  the  same  temperature. 

Creatinine  yields  a  series  of  crystallisable  salts.  The  hydro- 
chloride,  B,HC1,  crystallises  in  short  transparent  prisms  from  alcohol 
or  in  large  laminae  from  water.  It  unites  with  zinc  chloride  to 
form  the  double  salt  ZnCl2,2BHCl.  This  is  very  soluble  in  water 
and  alcohol,  and  must  not  be  mistaken  for  the  compound 
ZnCl2,2C4H7N30,  which  is  one  of  the  most  characteristic  salts 
of  creatinine.  Creatinine-zinc  chloride  is  obtained  by  mixing 
concentrated  aqueous  or  alcoholic  solutions  of  zinc  chloride  and 
creatinine,  or  by  adding  sodium  acetate  to  the  solution  of  the 
double  hydrochloride.  It  forms  oblique  rhombic  prisms  or  small 
needles,  which  have  a  tendency  to  form  rosettes  or  warty 
concretions.  The  crystals  are  soluble  in  about  54  parts  of 
cold  or  27  of  boiling  water.  They  are  insoluble  in  absolute 
alcohol,  and  require  9217  parts  of  alcohol  of  98  per  cent.,  or 
5734  of  alcohol  of  87  per  cent,  for  their  solution. 

Mercuric  chloride  gives  a  white,  curdy  precipitate  in  strong 
solutions  of  creatinine,  but  the  separation  is  not  perfect  unless 
sodium  acetate  be  added,  or  mercuric  acetate  substituted  for  mer- 
curic chloride.  On  allowing  such  a  mixture  to  stand  at  the 
ordinary  temperature,  the  compound  is  gradually  deposited  in 
microscopic  spherules.1  This  reaction  is  applied  by  G.  S.  John- 
son to  the  isolation  of  creatinine  from  urine  (Proc.  Royal  Soc., 
1888,  xliii.  507).  The  compound  is  almost  insoluble  in  cold 
water,  and  is  decomposed  with  partial  reduction  of  the  mercury 
by  hot  water.  It  is  readily  soluble  in  dilute  hydrochloric  acid, 
but  is  nearly  insoluble  in  acetic  acid.  Johnson  attributes  to  the 
spherical  mercury  compound  the  formula  C16H28N12HgrCl10,  and 
suggests  the  following  constitution  :  — 

4(C4H5Hg%0,HCl),3HgCl2  +  2H20. 

1  The  tendency  of  the  compound  to  aggregate  into  spherules  exists  even 
after  drying.  Specimens  in  the  author's  laboratory,  on  inspection  twelve 
months  after  being  prepared,  have  been  found  to  have  altered  their  condition 
of  apparent  powder  to  that  of  a  collection  of  spherical  granules,  some  of  which 
approach  the  size  of  a  pin's  head. 
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Experiments  on  specimens  of  the  spherical  salt  prepared  in  the 
author's  laboratory,  botli  from  urine  and  from  pure  creatinine 
prepared  by  Johnson's  process,  do  not  fully  confirm  this  formula. 
The  creatinine  ranges  from  16  to  nearly  20  per  cent.,  and  the  pro- 
portion of  chlorine  varies  greatly  in  different  preparations,  a  fact 
which  points  to  the  presence  of  HgO,  and  possibly  of  Hg2Cl2,  in 
some  specimens. 

From  a  concentrated  solution  of  creatinine,  silver  nitrate  preci- 
pitates crystals  of  the  compound,  C4H7N30,AgN03.  Mercuric 
nitrate  does  not  precipitate  a  dilute  solution  of  creatinine  till 
excess  of  sodium  carbonate  is  added,  when  B2,Hg(N03)2,HgO  is 
thrown  down  as  a  crystalline  precipitate. 

Creatinine  possesses  marked  reducing  properties.  The  mercury 
of  the  spherical  salt  above  described  is  at  once  reduced,  even  in 
the  cold,  to  the  mercurous  state  and  partly  to  metal  on  adding 
caustic  alkali;  contact  with  boiling  water  produces  a  similar 
change. 

Creatinine  reduces  Fehling's  solution  on  boiling,  the  blue  liquid 
changing  to  yellow,  but  no  cuprous  oxide  separates.1  Creatinine 
appears  also  to  prevent  the  separation  of  a  precipitate  when  glucose 
is  present,  and  hence  exerts  an  interfering  action  on  the  appli- 
cation of  Fehling's  solution  to  the  detection  of  dextrose  in  urine 
(Allen's  Chemistry  of  Urine ',  p.  65).  Pavy's  solution  is  reduced  by 
creatinine  without  precipitation,  and  may  be  used  for  its  deter- 
mination. According  to  G.  S.  Johnson,  the  reducing  power  of 
creatinine  obtained  direct  from  urine  is  greater  than  that  of  the 
base  prepared  from  creatine  (compare  page  289).  Thus  he  finds 
12  grammes  of  tabular  creatinine  a  from  urine  to  have  a  cupric 
oxide  reducing  power  equivalent  to  1 0  grammes  of  glucose,  that  is, 
two  molecules  of  this  creatinine  equal  one  of  glucose  in  reducing 
power,  against  2J  molecules  required  of  creatinine  prepared  from 
creatine. 

Phospho-molybdic  and  phospho-tungstic  acids  produce  micro- 
crystalline  precipitates  in  solutions  of  creatinine  acidulated  with 
nitric  or  hydrochloric  acid.  By  treating  the  precipitates  with 
baryta,  free  creatinine  is  obtained. 

If  a  concentrated  solution  of  picric  acid  be  added  to  normal 
human  urine  a  small  crystalline  sediment  is  gradually  formed.  On 
separating  this,  and  treating  it  with  hot  water,  uric  acid  remains, 

1  See  C.  Giacomo  (Chem.  Centr.,  1884,  p.  185  ;  abst.  Jour.  Chem.  Soc., 
xlviii.  702).  0.  Maschke  (Zeits.  anal.  Chem.,  1878,  p.  134  ;  abst.  Jour. 
Chem.  Soc.,  xxxv.  688)  has  described  a  white  compound  of  creatinine  with 
cuprous  oxide  obtained  by  adding  Fehling's  solution  and  glucose  to  a  dilute 
solution  of  creatinine. 
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while  the  greater  part  dissolves.  The  soluble  portion  is  a  double 
picrate  of  potassium  and  creatinine,  which  forms  lemon-yellow 
needles  or  thin  prisms,  readily  soluble  in  hot  water,  sparingly  in 
cold  alcohol,  and  almost  insoluble  in  ether.  With  dog's  urine  the 
precipitate  produced  by  picric  acid  contains  little  or  no  uric  acid, 
and  the  kynurenic  acid  present  is  not  precipitated. 

When  a  solution  of  picric  acid  is  added  to  a  solution  of  crea- 
tinine not  more  dilute  than  1  in  3000,  on  adding  a  drop  of  dilute 
caustic  alkali  a  blood-red  colour  is  produced,  which  is  intensified 
by  boiling  the  liquid.  By  this  reaction  the  presence  of  creatinine 
can  be  recognised  in  the  urine  of  man,  dog,  and  rabbit.  Acetone 
gives  a  similar  but  less  intense  colour.  Glucose  gives  a  similar 
reaction  on  heating.  It  is  evident  that  the  behaviour  of  creatinine 
with  picric  acid  gravely  affects  the  value  of  that  reagent  as  a  test 
for  small  quantities  of  sugar  in  urine. 

T.  Weyl  (Berichte,  1878,  page  228)  has  pointed  out  that  if  a 
few  drops  of  very  dilute  solution  of  sodium  nitroprusside  be  added 
to  a  solution  of  creatinine,  and  dilute  caustic  soda  then  added  drop 
by  drop,  a  fine  ruby-red  colour  will  be  produced,  which  in  a  few 
minutes  changes  to  an  intense  straw-yellow.  If  the  liquid  be  now 
acidulated  with  acetic  acid  and  warmed,  it  turns  greenish  and 
prussian  blue  separates.  Guareschi  recommends  that  10  per 
cent,  solutions  of  nitroprusside  and  caustic  soda  should  be  used. 
Krugenberg  states  that  the  reaction  is  best  obtained  by  first 
adding  caustic  soda,  and  then  a  few  drops  of  a  concentrated  solu- 
tion of  the  nitroprusside.  Salkowski  confirms  this.  The 
reaction  is  very  delicate,  and  can  be  obtained  with  a  solution 
containing  0*03  per  cent,  of  pure  creatinine,  or  with  urine  contain- 
ing 0'066  per  cent.  In  applying  the  test  to  urine  the  absence  of 
acetone  should  be  insured  by  distilling  off  a  portion,  since  that 
body  gives  a  ruby-red  colour  with  Weyl's  test,  though  no  blue 
colour  can  be  obtained  on  acidulating,  acetic  acid  merely  restoring 
the  yellow  colour  to  red.1  According  to  Guareschi,  a  red  colour 
is  also  yielded  by  hydantoin,  methyl-hydantoin,  and  other  com- 
pounds containing  the  group  KCH2.CO.K  Creatine  gives  no 
reaction  with  Weyl's  test  unless  the  liquid  be  first  boiled  with  a 
dilute  acid,  so  as  to  convert  it  into  creatinine.  In  this  manner, 
Weyl  demonstrated  the  presence  of  creatine  in  milk  (Berichte, 
xi.  2175). 

The  determination  of  creatinine  in  urine  is  usually  based  on  its 

1  G.  Colasanti  (abst.  Jour.  Chem.  Soc.,  1887,  p.  1056)  states  that 
Weyl's  reaction  for  creatinine  is  given  by  urine  which  has  undergone  the 
ammoniacal  fermentation  for  some  time,  as  also  by  urine  which  has  been  pre- 
served for  many  months  in  sterilised  vessels. 
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isolation  as  creatinine-zinc  chloride,  which  process  is  preferred  by 
Neubauer.  E.  Salkowski  directs  that  240  c.c.  of  the  urine 
should  be  rendered  alkaline  by  the  cautious  addition  of  milk  of 
lime,  and  precipitated  by  calcium  chloride.  The  volume  is  made 
up  to  300  c.c.,  and  the  liquid  filtered  after  ten  minutes.  250  c.c. 
of  the  nitrate,  representing  200  of  urine,  which  must  be  feebly 
alkaline,  is  evaporated  to  about  20  c.c.,  and  an  equal  measure  of 
absolute  alcohol  added.  This  is  subsequently  diluted  to  100  c.c. 
with  alcohol,  allowed  to  stand  twenty-four  hours,  and  filtered. 
To  80  c.c.  of  the  nitrate,  slightly  acidified  with  acetic  acid,  zinc 
chloride  is  added,  and  the  precipitate  collected  after  twenty-four 
hours.  The  purity  of  the  creatinine-zinc  chloride  should  be 
proved  by  a  microscopic  examination,  with  a  high  power,  to  make 
certain  of  its  freedom  from  sodium  chloride.  It  should  be  com- 
pletely soluble  in  hot  water  (compare  page  292). 

Instead  of  weighing  the  compound  of  creatinine  with  zinc 
chloride,  the  contained  creatinine  may  be  deduced  from  the 
amount  of  ammonia  produced  on  decomposing  it  with  boiling 
concentrated  sulphuric  acid.  For  this  purpose  the  precipitate 
should  be  dissolved  in  the  minimum  quantity  of  sulphuric  acid, 
previously  diluted  with  an  equal  measure  of  water,  and  the  solu- 
tion treated  as  in  Kjeldahl's  process. 

P.  Grocco  (CJiem.  Centr.,  1887,  page  17)  has  described  a 
modification  of  the  zinc  process. 

A  method  of  isolating  creatinine  from  urine  which,  in  the 
opinion  of  the  author,  is  preferable  to  the  zinc  process,  is  that 
based  on  its  precipitation  as  the  spherical  mercuric  compound 
described  on  page  288.  Instead  of  weighing  the  mercury  salt, 
the  composition  of  which  is  variable,  it  should  be  decomposed  by 
strong  sulphuric  acid,  as  in  Kjeldahl's  process,  the  creatinine  being 
deduced  from  the  amount  of  ammonia  obtained,  or  the  measure  of 
nitrogen  evolved  on  treatment  with  hypobromite. 

A  limited  number  of  experiments,  made  in  the  author's 
laboratory  by  A.  E.  Tankard,  appear  to  show  that  fairly  good 
estimations  of  creatinine  may  be  made  by  treating  the  mercury 
or  zinc  compound  with  soda  and  bromine,  as  described  on  page  273. 
The  nitrogen  evolved  is  50  per  cent,  of  the  total,  a  result  difficult 
to  explain  if  the  accepted  formula  for  creatinine  be  correct. 

Gautier's  Flesh  Bases. 

A.  Gautier  (Jour,  de  Pharm.,  [5],  xiii.  354;  Jour.  Chem. 
Soc.,  1.  634)  has  described  a  series  of  bases,  closely  allied  to  crea- 
tinine, which  he  isolated  from  the  flesh  of  large  animals  by 
treatment  with  absolute  alcohol.  These  bases  are  definite  crystal- 
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line  bodies,  which  when  administered  to  animals  act  more  or  less 
powerfully  on  the  nerve-centres,  inducing  sleep,  and  in  some  cases 
causing  vomiting  and  purging,  in  a  manner  similar  to  the  alkaloids 
of  snake-poison,  but  less  powerfully  than  the  ptomaines.  These 
bases  are  formed  during  life  (leucomaines)  and  occur  in  the  urine, 
saliva,  venom,  and  various  glandular  secretions,  but  Gautier  has 
chiefly  studied  their  occurrence  in  muscle. 

XANTHOCRBATININE,  C5H10N40,  is  the  most  abundant  of  the 
bases  isolated  by  Gautier  from  muscle  by  treatment  with  absolute 
alcohol.  It  closely  resembles  creatinine,  from  which  it  differs  by 
CH3N.  Xanthocreatinine  forms  sulphur-yellow  spangles  having  a 
slightly  bitter  taste.  On  warming,  it  evolves  an  odour  resembling 
acetamide.  It  is  very  soluble  in  water,  and  also  dissolves  in 
boiling  absolute  alcohol.  When  taken  internally  it  causes  sleep, 
diarrhoea,  and  vomiting.  It  turns  blue  litmus  paper  red,  but 
appreciably  changes  red  litmus  to  blue.  Xanthocreatinine  forms 
a  hydrochloride  crystallising  in  feathery  needles.  It  also  yields 
crystalline  compounds  with  mercuric  and  zinc  chlorides.  The 
platinum  salt  is  very  soluble,  and  crystallises  in  long  sheaves. 
The  gold  salt  crystallises  with  difficulty.  Xanthocreatinine  gives 
a  precipitate  with  phospho-molybdic  acid,  and  with  silver  nitrate 
a  flocculent  precipitate  soluble  in  hot  water,  and  crystallising 
therefrom  in  needles.  Xanthocreatinine  is  not  precipitated  by 
nitric  or  oxalic  acid,  nor  by  cupric  acetate;  this  last  reaction 
distinguishing  it  from  the  bases  of  the  xanthine-group. 

Xanthocreatinine  has  been  detected  in  human  urine,  especially 
after  fatigue. 

CHRYSOCREATININE  or  CRUSOCREATININE,  C5H8N40,  resembles 
creatinine,  from  which  it  differs  by  CHJS".  It  forms  beautiful 
orange-yellow  crystals,  sparingly  soluble  in  water.  The  reaction 
of  the  solution  is  strongly  alkaline.  The  base  forms  a  non-deli- 
quescent hydrochloride  and  a  soluble  crystalline  chloroplatinate. 
The  aurichloride  forms  slightly  soluble  crystalline  grains.  Cruso- 
creatinine  is  not  precipitated  by  nitric  or  oxalic  acid,  or  by  cupric 
acetate  even  on  boiling.  It  precipitates  alumina  from  a  solution 
of  alum. 

AMPHICREATININE,  C9H19N704,  only  exists  in  small  quantity  in 
muscle.  It  is  a  feeble  base,  crystallising  in  pale  yellow  prisms, 
which,  on  heating  to  100°,  become  opaque,  but  do  not  change 
their  form.  It  has  a  bitter  taste,  and  is  only  slightly  soluble  in 
cold  water.  It  forms  a  crystalline  non-deliquescent  hydrochloride, 
a  platinum  salt  crystallising  in  lozenge-shaped  plates,  soluble  in 
water  but  insoluble  in  alcohol.  The  gold  salt  forms  hexahedra 
and  tetrahedra,  very  soluble  in  water.  Amphicreatinine  is  not 
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precipitated  by  mercuric  chloride  or  cupric  acetate,  and  gives  no 
reaction  with  the  murexide  test. 

PSEUDOXANTHINE,  C4H5N50,  closely  resembles  xanthine.  It  is 
described  on  page  315. 

Two  Unnamed  Bases,  containing  CnH,24N1005  and  C12H25N1105 
respectively,  are  described  by  Gautier  as  occurring,  together  with 
the  foregoing,  in  muscular  tissue. 

The  following  table  exhibits  in  a  condensed  form  the  method 
employed  by  Gautier  for  the  extraction  of  the  bases  above 
described.  It  is  evident  from  the  process  employed  that  their 
oxalates  are  soluble  in  absolute  alcohol. 

Fresh  meat,  finely  minced,  is  digested  with  tepid  water  con- 
taining in  each  litre  0*25  gramme  of  oxalic  acid,  and  2  c.c.  hydro- 
gen peroxide.  At  the  end  of  twenty-four  hours  the  liquid  is 
strained  off,  the  last  portions  being  recovered  by  pressure,  the 
liquid  boiled  to  coagulate  albumin,  and  again  filtered,  when  the 
filtrate  is  treated  in  the  following  manner : — 

The  liquid  is  evaporated  to  dryness  at  50°  C.,  preferably  under 
reduced  pressure,  and  the  residue  extracted  with  cold  absolute 
alcohol.  The  alcoholic  solution  is  evaporated  to  dryness  and  then 
extracted  with  hot  absolute  alcohol,  the  liquid  decanted  and 
allowed  to  stand.  Ether  (spec,  grav.,  0'725)  is  added  to  complete 
precipitation.  The  solution  is  allowed  to  stand,  when  after  a 
time  (varying  with  the  purity  of  the  ether  used)  a  mass  of 
crystals  separates  out,  which  is  filtered  off  and  washed  with  cold 
absolute  alcohol. 


A.  ALCOHOLIC  WASHINGS. 
Evaporate    to    dryness, 
take    up    residue   with 
water,  add  slight  excess 
of  cupric   acetate,   and 
bring    to     the     boiling 
point.    Filter  from  pre- 
cipitate,  suspend  it    in 
hot    water,     and     pass 
sulphuretted    hydrogen 
through  the  hot  liquid, 
and  filter  hot.    The  ni- 
trate on  cooling  deposits 
pseudoxanthine. 

B.  CRYSTALS  are  treated  with  boiling  absolute  alcohol,  and  the 
liquid  filtered  hot. 

SOLUTION   is  allowed  to  be- 
come cold  and  filtered. 

RESIDUAL  CRYSTALS  are  dissolved  in  hot 
water,  and  the  liquid  allowed  to  cool, 
and  filtered  after  standing. 

FILTRATE. 
Add  to  alco- 
holic wash- 
ings at  A. 

CRYSTALS   con- 
sist of  xantho- 
creatinine  and 
two  unnamed 
bases    of    the 
formula 
C11H24N1o05 
and 
C12H25Nn05. 

FILTRATE.      Concen- 
trate by  evaporation 
and  allow  to  stand, 
when 
crusocreatinine  sepa- 
rates out. 

CRYSTALS  consist 
of— 
amphicreatinine. 

J.  L.  W.  Thudichum  (Comp.  rend.,  cvi.  1803;  Med.  Press, 
1895)  has  described  certain  bases  from  urine,  some  of  which  are 
possibly  identical  with  Gautier's  flesh  bases.  Thudichum  states 
that  normal  urine  contains  six  bases  precipitable  by  phospho- 
molybdic  acid,  and  that  these  represent  about  1 1  per  cent,  of  the  total 
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nitrogen  excreted  in  the  urine.  He  specifies  them  as  creatinine, 
C4H7N30 ;  urotheobromine,  C7HgN402,  apparently  identical  with 
the  base  described  by  G.  Salomon  under  the  name  of  paraxan- 
thine  ;  reducine,  C6H4Ng04 ; x  urochrome,  and  two  bases  unnamed 
and  unformulated.  If  the  phospho-molybdates  of  the  mixed 
bases  be  decomposed  with  baryta  and  barium  carbonate,  any 
excess  of  baryta  got  rid  of  by  passing  carbon  dioxide,  and  the 
deep  red  liquid  filtered,  a  solution  of  the  free  bases  is  obtained. 
If  this  be  treated  boiling  hot  with  very  dilute  ferric  chloride, 
Thudichum  states  that  the  urochrome  is  precipitated,  and  that,  if 
the  liquid  be  filtered  hot,  the  filtrate  deposits  clouds  of  urotheo- 
bromine on  cooling.  The  iron  compound  of  urochrome  is  described 
as  very  soluble  in  dilute  acids  and  in  excess  of  alkali.  It  may  be 
decomposed  by  sulphuretted  hydrogen;  or  dissolved  in  dilute 
sulphuric  acid,  and  reprecipitated  by  phospho-molybdic  acid.2 

SEPARATION  OF  FLESH  CONSTITUENTS. — The  following  table, 
compiled  from  various  sources,  gives  a  systematic  method  for  the 
separation  of  the  leading  constituents  of  flesh.  It  may  also  be 
applied  to  extract  of  meat,  urine,  and  other  animal  products. 

1  Reducine  forms  a  barium  compound  almost  insoluble  in  alcohol.    Neutral 
or  acid  solutions  of  the  base  reduce  ferric,  cupric,  and  mercuric  salts  to  ferrous, 
cuprous,    and  mercurous  salts    respectively,    and   silver    salts  to  metallic 
silver. 

2  J.  L.  W.  Thudichum  announced  the  discovery  and  isolation  of  uro- 
chrome in  1871.  He  has  since  described  it  at  great  length  on  several  occasions, 
but  has  never  published  a  formula  for  it.     The  whole  of  Thudichum's  state- 
ments in  this  connection  require  verification,  and  meanwhile  should  be 
accepted  with  considerable  reserve.     The  following  description  of  urochrome 
is  taken  from  the  Medical  Press  for  March  6th,  1895  : — 

Urochrome,  isolated  as  described  in  the  text,  is  stated  to  have  the  pro- 
perties of  a  weak  base  and  of  a  feeble  acid,  and  to  exhibit  an  amphibolic 
reaction  with  litmus.  It  contains  at  least  20*9  per  cent,  of  nitrogen,  but  its 
exact  composition  has  not  been  established.  Urochrome  is  regarded  by 
Thudichum  as  the  chief  if  not  the  only  colouring  matter  of  normal  urine. 
In  the  solid  state,  urochrome  is  said  to  form  an  amorphous  yellow  or  red- 
brown  brittle  resin,  having  a  strong  urinous  odour.  Urochrome  dissolves  in 
water  in  all  proportions  to  form  an  intensely  orange-yellow  liquid.  It  is 
also  soluble  in  rectified  spirit,  less  readily  in  absolute  alcohol,  and  is  insoluble 
in  ammonia,  ether,  chloroform,  or  benzene.  Urochrome  is  precipitated  by 
adding  ether  to  its  alcoholic  solution.  On  subsequently  adding  a  trace  of 
hydrochloric  acid,  the  precipitate  entirely  dissolves,  a  behaviour  attributed 
with  improbability  to  the  formation  of  a  hydrochloride. 

The  spectrum  of  urochrome  shows  no  definite  absorption -bands.  Urochrome 
exhibits  no  fluorescence  with  zinc  chloride  and  ammonia.  Its  solution  is 
decolorised  by  nascent  hydrogen,  and  the  colour  is  not  restored  by  hydrogen 
peroxide.  An  aqueous  solution  becomes  brown  on  standing.  Ammonia  pre- 
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Indole.     C7H7N  ;  i.e.,  C6H4  1  '^  j  CH  ;  or  HN 


Indole  is  so  named  from  being  the  nucleus  from  which  the 
indigo-group  of  chemical  compounds  is  derived.  It  has  been 
obtained  synthetically  by  several  reactions,  and  is,  together  with 
skatole,  a  characteristic  constituent  of  faeces.  Its  occurrence 
therein  is  due  to  the  putrefactive  decomposition  of  proteids  which 
usually  takes  place  to  a  greater  or  less  extent  in  the  intestinal 
canal.  The  greater  part  of  the  skatole  and  indole  formed  is 
eliminated  by  the  kidneys  in  the  forms  of  skatoxyl-  and 
indoxyl-sulphuric  acids  (the  so-called  "urinary  indican"), 
the  remainder  being  excreted  in  the  faeces. 

Indole  is  formed  when  albuminous  substances  are  fused  with 
caustic  potash,  but  it  is  more  easily  obtained  by  digesting  liver  or 
fibrin  with  water  and  putrid  pancreas.1  If  the  digestion  be  not 
too  prolonged,  the  product  when  acidified  and  distilled  yields  a 
distillate  from  which  impure  indole  can  be  extracted  by  agitation 
with  ether.  On  evaporation,  the  ether  leaves  a  residue  of  indole 
mixed  with  skatole  and  phenol.  From  the  last  body  indole  can 
be  purified  by  dissolving  it  in  benzene  and  adding  a  benzene  solu- 
tion of  picric  acid,  when  indole  picrate,  C8H7N,C6H3(N02)20, 

serves  urochrome,  even  in  presence  of  caustic  alkali,  but  free  acid  readily 
decomposes  it.  If  boiled  for  a  short  time  with  water  containing  5  per  cent. 
of  sulphuric  acid,  urochrome  is  decomposed  with  formation  of  a  red  preci- 
pitate. From  this,  when  filtered  off,  washed  and  dried,  ether  is  stated  to 
extract  omicholic  acid  and  omicholin,  while  subsequent  treatment 
with  absolute  alcohol  dissolves  uropittin,  C9H10N203  (by  many  chemists 
called  urobilin),  leaving  uromelanin,  insoluble  in  water,  but  dissolved 
readily  by  very  dilute  soda,  and  reprecipitated  by  acid. 

Urochrome  is  said  to  be  entirely  removed  from  its  alkaline  solutions  by  agi- 
tation with  animal  charcoal,  and  to  be  completely  precipitated  by  phospho- 
molybdic  and  phospho-tungstic  acids,  and  also  by  mercuric  chloride.  With 
benzoyl  chloride  and  caustic  soda  it  is  stated  to  yield  an  immediate  preci- 
pitate of  a  benzoyl-derivative  of  indefinite  composition,  which  may  be  purified 
by  boiling  with  water,  and  is  soluble  in  spirit.  The  same  substance  may 
be  obtained  by  dissolving  the  phospho-tungstate  or  phospho-molybdate  of 
urochrome  in  strong  caustic  soda  and  agitating  the  solution  with  benzoyl 
chloride. 

1  Harris  and  Tooth  (Journ.  Physiol.  ,  ix.  220)  found  that  the  forma- 
tion of  indole  by  putrid  pancreatic  digestion  was  very  capricious.  A  quan- 
tity of  mercuric  chloride  or  phenol  insufficient  to  render  the  fluid  aseptic 
prevented  the  formation  of  indole.  Whenever  indole  was  present,  however, 
large  numbers  of  various  kinds  of  bacteria  were  also  found  ;  but  bacteria  were 
also  abundant  in  the  absence  of  indole.  Hence  it  appears  probable  that 
certain  indole-forming  organisms  exist. 
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crystallises  out  in  long  red  needles,  which  are  sparingly  soluble  in 
cold  benzene,  readily  in  hot,  very  slightly  soluble  in  petroleum- 
spirit,  and  decomposed  by  ammonia. 

From  skatole,  indole  may  be  separated  by  dissolving  the  mixture 
in  the  smallest  possible  quantity  of  absolute  alcohol,  and  then 
adding  from  8  to  10  volumes  of  water,  when  the  skatole  will  be 
precipitated  while  the  indole  remains  in  solution. 

When  pure,  indole  forms  crystalline  scales  of  a  satiny  lustre. 
It  has  a  persistent  and  disgusting  faecal  odour,  melts  at  52°,  and 
boils  with  partial  decomposition  at  about  245°.  Indole  distils 
readily  in  a  current  of  steam.  It  is  very  soluble  in  alcohol,  ether, 
and  petroleum-spirit,  and  dissolves  with  moderate  facility  in  hot 
water,  separating  on  cooling  in  oily  drops,  which  subsequently 
form  plates  resembling  benzoic  acid. 

Indole  possesses  feeble  basic  characters.  When  treated  with 
strong  hydrochloric  acid  it  forms  a  sparingly  soluble  salt  which 
is  decomposed  by  boiling  with  water.  The  picrate  has  already 
been  described. 

If  an  aqueous  solution  of  indole  be  treated  with  fuming  nitric 
acid,  or  preferably  with  a  solution  of  sodium  nitrite  acidified  with 
sulphuric  or  nitric  acid,  a  red  precipitate  is  formed  of  the  composition 
C16H13(NO)N2,HN03.  A  deep  red  coloration  is  produced  when  an 
alcoholic  solution  of  indole  is  treated  with  nitrous  acid,  or  nitrogen 
trioxide  passed  through  it,  but  the  red  needles  which  are  deposited 
are  stated  to  have  a  different  composition  from  the  above. 

If  a  strip  of  pine  wood  be  moistened  with  strong  hydrochloric 
acid  and  immersed  in  an  alcoholic  solution  of  indole,  or  exposed 
to  the  vapours  of  indole,  it  is  coloured  deep  crimson. 

When  a  dilute  solution  of  indole  is  treated  with  sodium  nitro- 
prusside,  and  a  few  drops  of  caustic  soda  solution  added,  a  violet- 
blue  coloration  is  produced,  which  changes  to  pure  blue  when  the 
liquid  is  acidulated  with  acetic  acid. 

On  melting  a  minute  quantity  of  indole  in  a  test-tube  with 
dehydrated  oxalic  acid,  a  fine  magenta  coloration  is  produced. 
The  colouring  matter  formed  is  soluble  in  acetic  acid. 

Indole  is  decomposed  when  boiled  with  moderately-concentrated 
caustic  soda,  which  behaviour  distinguishes  it  from  skatole. 

SKATOLE,  or  METHYL-iNDOLE,1  C9H9N,  closely  resembles  indole. 
Its  odour  is  somewhat  similar  and  equally  persistent  and  unplea- 
sant. It  crystallises  from  hot  water  or,  preferably,  petroleum- 
spirit  in  glittering  white  scales,  melts  at  95°,  and  boils  at  265°. 

1  E.  Fischer  attributes  to  skatole  the  following  constitutional  formula  : — 

.C(CH3): 
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Skatole  gives  no  colour-reactions  with  pine  wood  and  hydro- 
chloric acid,  nor  with  sodium  nitroprusside,  and  also  differs  from 
indole  in  not  suffering  decomposition  when  boiled  with  moderately 
concentrated  caustic  soda.  The  picrate  is  precipitated  in  red 
needles  on  mixing  hot  aqueous  solutions  of  skatole  and  picric  acid. 
When  sodium  nitrite  is  added  to  a,  solution  of  skatole  in  glacial 
acetic  acid,  a  dark  brown  coloration  is  produced,  and  on  adding 
water  the  nitrosamine  is  precipitated  as  a  yellow  oil,  which 
solidifies  in  a  freezing  mixture  to  a  crystalline  mass.  E.  Fischer 
describes  the  formation  of  this  compound  as  highly  characteristic, 
and  available  for  the  detection  of  skatole  and  its  separation  from 
indole. 

A  methyl-indole,  which  has  been  obtained  by  synthetical 
means,  has  an  aromatic  odour,  and  is  liquid  at  ordinary  temperatures. 

INDOXYL,  C8H5(2srH).OH,  is  interesting  as  a  body  intermediate 
between  indole  and  indigotin.  It  possesses  both  basic  and  acid 
characters.  Its  alkaline  solution  absorbs  atmospheric  oxygen 
with  formation  of  indigo-blue,  which  is  also  produced  on  adding 
ferric  chloride  to  a  hydrochloric  acid  solution  of  indoxyl. 

INDOXYL-SULPHURIC  ACID,  C8H5(NH).S04H,1  occurs  in  urine  as 
a  potassium  salt.  The  normal  excretion  contains  only  traces 
of  this  compound,  but  which  received  the  unfortunate  name  of 
"  urinary  indican,"  f rom  a  supposed  identity  with  plant-indican,  the 
glucoside  from  which  indigo  is  obtained.  The  only  similarity 
between  the  two  bodies  is  that  both  yield  indigo-blue  as  one  of 
the  products  of  their  decomposition.2 

Potassium  indoxyl-sulphate,  C8H5(K"H).S04K,  crystallises  from 
hot  alcohol  in  colourless  lustrous  tables,  readily  soluble  in  water 
but  only  sparingly  in  cold  alcohol.  When  boiled  with  dilute  acid 
it  is  decomposed  into  indoxyl  and  acid  potassium  sulphate,  but  is 
not  attacked  by  alkalies.  When  the  crystals  are  heated,  indi- 
gotin (indigo-blue)  sublimes,  and  the  same  substance  is  formed 
quantitatively  when  the  acidulated  solution  is  warmed  with  ferric 
chloride. 

For  the  detection  of  indoxyl-sulphuric  acid  in  urine,  Jaffe 
(Pfluger's  Archiv.,  iii.  448)  first  separates  any  albumin  by  boiling 

1  Indoxyl-sulphuric  acid   is  described  by   some  writers  as    indoxyl- 
sulphonic  acid.     The  latter  name  would  be  applicable  to  a  body  of  the 
constitution  C8H4(S03H)(NH).OH.     This  would  be  isomeric  with  indoxyl- 
sulphuric  acid,  and  would  not  exhibit  the  readiness  of  the  latter  in  hydro- 
lysing  into  sulphuric  acid  and  indoxyl. 

2  Decomposing  urine  occasionally  forms  a  bluish-red  pellicle,  and  ultimately 
deposits  microscopic  crystals  of  indigo-blue.     A  calculus  of  the  same  nature 
has  been  described. 
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the  liquid,  and  treats  the  filtrate  with  an  equal  measure  of  hydro- 
chloric acid.  A  dilute  solution  of  bleaching  powder  is  then 
cautiously  added,  until  the  blue  colour  no  longer  increases.  On 
agitating  with  chloroform  the  colouring  matter  is  taken  up  and  can 
be  obtained  on  evaporation.  Jaffe's  method  is  not  suitable  for  the 
detection  of  traces  of  indigogen,  as  the  colouring  matter  is  destroyed 
by  the  least  excess  of  the  oxidising  agent.  Hence  MacMunn  boils 
the  urine  with  an  equal  measure  of  hydrochloric  acid  and  a  few 
drops  of  nitric  acid,  cools,  and  agitates  with  chloroform.  The 
chloroform  is  generally  coloured  violet,  and,  when  examined  in  the 
spectroscope,  shows  two  broad  absorption-bands,  one  on  either  side 
of  the  D  line.  The  less  refrangible  is  due  to  indigo-blue  and  the 
more  refrangible  to  indigo-red  j  though  it  is  doubtful  if  the  latter 
colouring  matter  is  identical  with  the  indirubin  which  occurs  in 
commercial  indigo.1 

A.  C.  Menu  (Jour.  Pharm.,  [5],  vii.  122)  adds  to  the  urine 
about  0'5  c.c.  of  strong  sulphuric  acid  to  1  litre  of  the  sample, 
and  then  saturates  the  liquid  with  powdered  ammonium  sulphate, 
whereby  any  indigotin  or  indirubin  is  precipitated.2  On  treating 
the  precipitate  in  the  cold  with  proof-spirit  the  indirubin  will  be 
dissolved,  while  the  insoluble  indigotin  is  purified  by  washing 
with  water,  followed  by  spontaneous  drying.  Mehu  proposes  a 
colorimetric  process  for  the  estimation  of  indigotin,  which  he 
dissolves  in  hot  carbolic  acid  to  which  sufficient  glycerin  or 
absolute  alcohol  has  been  added  to  prevent  crystallisation  on 
cooling.  The  colour  of  a  solution  of  indigo-blue  of  known 
strength,  prepared  in  this  manner,  is  compared  with  that  of  the 
urinary  pigment. 

1  For  the  detection  of  indirubin,  0.  Rosenbach  (Jour.  Chem.  Soc.t  Iviii. 
1032)  adds  nitric  acid  to  the  boiling  urine,  cools,  adds  a  large  excess  of 
ammonia,  and  agitates  with  ether,  which  will  acquire  a  purple  colour  if  indi- 
rubin be  present.     For  its  isolation,  Rosenbach  treats  the  fresh  urine  with 
lead  acetate,  heats  the  filtered  liquid  to  boiling,  and  adds  nitric  acid,  drop 
by  drop,  until  a  purple  colour  is  produced,  carefully  avoiding  excess  of  acid. 
The  liquid  is  then  cooled  and  treated  with  ammonia  till  alkaline.     The  pre- 
cipitate is  filtered  off,  washed  in  succession  with  ammonia,  dilute  hydrochloric 
acid,  and  water,  and  then  dissolved  in  boiling  alcohol.     The  solution  deposits 
indigo-blue  on  cooling.     It  is  filtered  and  the  filtrate  treated  with  alcoholic 
lead  acetate,  again  filtered,  and  most  of  the  alcohol  boiled  off.     On  diluting 
the  residual  liquid  with  water,  impure  indirubin  is  precipitated  as  a  brown 
powder,  which,  after  washing  with  water,  may  be  purified  by  crystallisation 
from  chloroform  or  ether. 

2  Apparently,  Menu's  method  is  intended  to  apply  to  ready-formed  indi- 
gotin and  indirubin,  but  in  MichailofFs  process  it  appears  to  be  the  indigogens 
which  are  precipitated  by  ammonium  sulphate. 
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W.  Michailoff  (Jour.  Chem.  Soc.,  liv.  880)  also  saturates 
the  acidified  urine  with  finely  powdered  ammonium  sulphate,  and 
then  extracts  the  urobilin  by  repeated  agitations  with  ethyl  acetate 
(acetic  ether).  The  aqueous  layer  is  next  mixed  with  an  equal 
volume  of  fuming  hydrochloric  acid,  chloroform  added,  and  then 
cautiously  treated  with  dilute  bromine-water,  agitating  well 
between  each  addition.  By  presenting  the  indigo  with  the  solvent 
when  in  the  nascent  state  its  extraction  is  said  to  be  very  readily 
and  perfectly  effected.1 

Indoxyl-sulphuric  acid  occurs  in  very  small  quantities  in  normal 
human  urine,  Jaffe  finding  from  "004  to  0'019  gramme  in  1500 
c.c.  of  the  excretion.  Horse's  urine  contains  twenty-three  times 
as  much.2  The  proportion  in  human  urine  is  much  increased  in 
certain  diseases,  such  as  cholera,  typhus,  peritonitis,  dysentery, 
and  Addison's  disease.  In  obstructive  diseases  of  the  small  intes- 
tine the  increase  is  enormous.  The  presence  of  a  large  amount  of 
indigogens  in  the  urine  generally  implies  that  abundant  albumin- 
ous putrefaction  is  in  progress  in  some  part  of  the  system,  these 
putrefactive  products  being  absorbed  and  eliminated  by  the  kidneys 
in  the  forms  of  indoxyl-sulphuric  acid  and  its  analogue 
skatoxyl-sulphuric  acid,  C8H6(CH3)KS04H.  The  latter 
body  is  said  to  be  somewhat  more  abundant  in  human  urine  than 
the  indoxyl-compound.  When  decomposed  by  hydrochloric  acid 
or  an  oxidising  agent,  it  gives  a  colouring  matter  usually  reddish, 
but  which  may  possess  a  marked  purple  tint. 

Traces  of  compounds  of  indoxyl  and  skatoxyl  with  glycuronic 
acid  not  improbably  exist  in  normal  urine,  and  their  proportions 
appear  to  be  greatly  increased  under  certain  conditions. 


XANTHINE  BASES.    ALLOXUR  BASES. 

Xanthine  is  the  typical  member  of  a  series  of  feebly  basic 
bodies  closely  related  to  uric  acid  and  to  each  other.  Some  of 
these  compounds  occur  in  small  quantity  in  urine  and  animal  tissues, 
and  are  normal  products  of  the  degradation  of  proteids.  Other 

1  All  the  oxidising  agents  mentioned  in  the  text  are  liable  to  destroy  the 
indigo-blue  if  used  in  excess.     A  preferable  plan  is  to  employ  ferric  chloride 
in  presence  of  hydrochloric  acid. 

2  From  25  litres  of  normal  dog's  urine,  J.  Hoppe-Seyler  (Jour.  Chem. 
Soc.,  xlvi.  1058)  isolated  1  gramme  of  crystallised  potassium  indoxyl-sulphate 
and  0'5  gramme  of  potassium  phenyl-sulphate.     Neither  orthocinnamic  acid, 
orthoamidocinnamic  acid,  or  orthonitrobenzaldehyde,  alone  or  with  acetone, 
produced  any  increase  in  the  quantity  of  indigogens  excreted. 
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members  of  the  group,  e.g.,  caffeine,  theobromine,  theophylline, 
and  xanthine  itself,  occur  in  plants.  The  following  tabular 
arrangement  of  the  chief  members  of  the  group  shows  their 
composition  and  relation  to  each  other  and  to  uric  acid. 


Sarkine  or 


Imidosarkine  : — 
Adenine,  C5H5N5 


Xanthine 


Methylxanthine 
Heteroxauthine 

Dimethylxanthines  : 
Paraxanthine  ) 
Theobromine    /- 
Theophylliue  J 


Trimetliylxanthine  :— 
Caffeine,  C8H10N402 

Imidoxanthine  :— 
Guanine,  C5H5N50 

Pseudoxauthine,  C4H5N50 


Uric  acid, 


Garni  ne,  C7H8N403 


From  this  table  it  appears  that  hypoxanthine,  xanthine,  and  uric 
acid  differ  from  each  other  by  an  atom  of  oxygen.  Notwithstand- 
ing this  close  relationship,  they  do  not  seem  to  be  convertible.  The 
alleged  reduction  of  uric  acid  to  xanthine  and  hypoxanthine,  by 
treatment  with  sodium  amalgam,  and  the  oxidation  of  hypoxanthine 
to  xanthine  by  means  of  nitric  acid,  were  not  authentic.1 

The  vegetable  bases,  theobromine,  tkeopliylline,  and  caffeine,  are 

1  E.  Fischer  (Bcr.,  xxviii.  3135)  has  recently  shown  that  the  difference 
between  uric  acid  and  xanthine  is  not  merely  in  the  number  of  oxygen  atoms, 
but  also  in  the  situation  of  the  double  linkage  and  of  the  hydrogen  atoms,  as 
indicated  by  the  following  formulae  : — 
XANTHINE. 


CO.NH.C:N-J 


CO 


URIC  ACID. 
(NH.CO.C.Nin 

II 
CO.NH.C.NHJ 


CO 


In  the  methyl-derivatives  of  uric  acid  previously  known,  the  structure  of  the 
carbon-chain  has  remained  unaltered,  while  the  hydrogen  and  oxygen  have 
been  removed  from  the  alloxan-nucleus.  Recently  Fischer  and  A  c  h  suc- 
ceeded in  replacing  both  hydrogen  atoms  of  the  alloxan-nucleus  by  methyl, 
and  thus  obtained  yd  iinethyluric  acid,  convertible  by  phosphorus 
pentachloride  into  the  chloro-derivative  of  theophylline,  thus  : — 

(  NMe.CO.C.NEH  (  NMe.CCl:C.NH  \ 

\  CO  +  PC15  =  \  \  CO  +  POC13  +  HC1 

(cO.NMe.C.NHj  (cO.NMe.C-.N- J 

By  reduction  with  hydriodic  acid  the  chlor- theophylline  is  converted  into 
theophylline,  and  this  by  methylation  yields  c  a  f  f  e  i  n  e. 
VOL.  III.  PART  III.  U 
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methylated    xanthines.      Guanine  is  an  imidoxanthine, 
while  adenine  bears  the  same  relationship  to  hypoxanthine. 

The  constitution  of  the  alloxur-bases  is  not  known  in  every 
case,  but  the  following  formulae  rest  on  a  sufficiently  sure 
foundation  : — 

HYPOXANTHIXE.I  ADENINE.* 

JSH.CH:C.NH  KH.CH:C.]STHV 

0  |1         >C:NH 

CH:N— C:N-' 

XANTHINE.  GUANINE. 


NH.CH:C.NHv  NH .  CH = C.NH 

I         I      >co  I  |       >co 

CO.NH.CiN-/  C(NH).NH.C:N 

THEOBROMINE.  CAFFEINE. 

NMe.CH.-C.NMe.  NMe.CH:C.NMev 

|  >CO  >CO 

CO.NH.C:N—  '  CO.NMe.C:N— ' 


In  their  chemical  and  physical  characters,  the  xanthine  bases 
present  a  close  resemblance  to  uric  acid.  They  have  but  a  feeble 
affinity  for  acids,  and  their  salts  are  mostly  decomposed  by  water. 
Some  of  them  (including  xanthine  itself)  exercise  an  acid  function 
in  addition,  and  unite  with  bases.  They  are  mostly  very  slightly 
soluble  in  cold  water,  and,  except  caffeine  and  theobromine,  are 
insoluble  in  alcohol,  ether,  or  chloroform.  They  all  yield  white 
precipitates  with  phospho-molybdic  acid,  mercuric  chloride,  and 
ammoniacal  lead  acetate ;  and  guanine  and  adenine  are  very 
perfectly  precipitated  by  picric  acid. 

A  general  reaction  of  the  xanthine  bases  (including  uric  acid) 
is  their  precipitation  from  ammoniacal  solutions  by  ammonio- 
nitrate  of  silver,  as  a  gelatinous  compound  of  the  base  with 
argentic  oxide.  The  xanthine  compound  contains  C5H4N402,Ag20. 
The  precipitates  are  usually  insoluble  in  ammonia,  unless  con- 
centrated and  used  in  large  excess,  but  to  ensure  complete  pre- 
cipitation excess  should  be  avoided.  On  treating  the  precipitates 
with  dilute  nitric  acid  of  1*10  specific  gravity,  they  are  converted 
into  compounds  of  the  bases  with  silver  nitrate,  xanthine  forming 

1  The  formulae  given  for  hypoxanthine  and  adenine  are  those  assigned  them 
by  Kr tiger  in  his  latest  researches  (Zeit.  physiol.  Chem.,  xviii.  423,  459  ; 
abst.  Jour.  Chem.  Soc.,  1894,  i.  212).  He  assigns  to  the  imido-group  elimi- 
nated by  nitrous  acid  a  different  position  from  that  shown  in  the  formula  for 
guauine. 
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C5H4N402,AgISr03.  Those  compounds  are  well-defined  crystal- 
lisable  bodies,  insoluble  in  water,  and,  in  the  cases  of  hypoxanthine, 
carnine,  adenine  and  episarkine,  insoluble  in  nitric  acid  of  the 
above  strength,  even  on  boiling  ;  or,  at  any  rate,  crystallising 
out  rapidly  on  cooling.  Guanine,  carnine,  adenine,  and  episarkine 
are  stated  by  G.  Salomon  (Zeits.  physiol.  Chem.,  xviii.  207)  to 
behave  similarly,  but,  according  to  J.  L.  W.  Thudichum,  the  silver 
nitrate  compound  of  guanine  dissolves  tolerably  easily  in  hot 
dilute  nitric  acid,  and  is  only  very  gradually  deposited  on  cooling.1 
The  compounds  of  xanthine?  heteroxanthine,  and  paraxanthine 
remain  in  solution  after  cooling,  which  difference  of  behaviour 
permits  of  their  separation  from  the  bases  previously  mentioned. 
The  bases  are  all  completely  reprecipitated  as  their  silver-oxide 
compounds  on  neutralising  the  nitric  acid  solution  by  ammonia. 
Heteroxanthine  and  paraxanthine  may  be  separated  from  xanthine 
by  taking  advantage  of  the  limited  solubility  of  their  sodium  salts 
in  caustic  soda,  and  from  each  other  by  utilising  the  sparing  solu- 
bility of  the  hydrochloride  of  heteroxanthine. 

Most  of  the  xanthine  bases  are  precipitated  by  cupric  acetate, 
especially  on  heating.  A  still  more  perfect  separation  is  effected 
by  cuprous  solutions,  the  precipitate  consisting  in  each  case  of  the 
cuprous  salt  of  the  derivative.  These  compounds  may  be  obtained 
by  treating  the  neutral  solution  with  a  mixture  of  cupric  sulphate 
and  sodium  sulphite  or  thiosulphate,  or  by  mixing  the  ammoniacal 
solution  with  Fehling's  solution,  heating  to  boiling,  and  gradually 
adding  a  solution  of  dextrose.  Instead  of  cuprous  oxide  separating 
in  the  free  state,  it  combines  with  the  xanthine  derivative  to  form 
a  white  insoluble  compound.  Hence  it  is  evident  that  the  presence 
of  xanthine  and  its  allies,  including  uric  acid,  will  prevent  the 
detection  of  sugar  in  urine  by  Fehling's  test  to  an  extent  dependent 
on  the  amount  of  the  interfering  body  present.  The  fact  is  of 
considerable  practical  importance  when  small  quantities  of  sugar 
are  to  be  sought  for. 

If,  instead  of  using  dextrose,  the  mixture  of  the  alloxur-base 
with  Fehling's  solution  be  treated  with  hydroxylamine  hydro- 
chloride,  reduction  of  the  copper  to  the  cuprous  state  occurs  in 
the  strongly  alkaline  solution  and  at  the  ordinary  temperature. 
Treated  in  this  way,  guanine  and  xanthine  give  precipitates  which 
are  at  first  white,  but  rapidly  become  green  by  oxidation.  Hetero- 
xanthine and  paraxanthine  give  similar  white  precipitates.  The 
uric  acid  precipitate,  cuprous  urate,  Cu20,C5H4N403,  is  yel- 
lowish-white at  first,  but  rapidly  becomes  greenish,  The  carnine 

1  G.   Bruhns  (Eerichte,  xxiii.  225)  utilises  the  same  behaviour  for  the 
separation  of  xanthine  and  guanine  from  hypoxanthine  and  adenine. 
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precipitate  is  liable  to  be  mixed  with  un combined  cuprous  oxide, 
which  colours  it  yellow.  The  adenine  and  hypoxantltine  precipi- 
tates are  white.  Theobromine  and  caffeine  are  the  only  known 
xanthine  derivatives  which  do  not  give  precipitates  with  the  above 
reagent. 

P.  Balke  (Jour,  pi'akt.  Chem.,  [2],  xlvii.  537)  employs  the 
foregoing  reaction  for  the  determination  of  the  xanthine  derivatives. 
For  this  purpose  the  substance  is  dissolved  in  alkali  to  a  solution 
of  not  less  than  1  per  cent,  in  strength,  a  few  c.c.  of  a  solution  of 
hydroxylamine  hydrochloride  added,  and  then  Fehling's  solution 
run  in  gradually,  the  liquid  being  constantly  agitated  until  the 
yellowish-white  precipitate  first  formed  commences  to  turn  yel- 
lowish-red, indicating  that  the  xanthine  derivatives  are  entirely 
precipitated,  and  cuprous  oxide  is  being  thrown  down.  The  reaction 
is  better  observed  if  the  precipitate  be  allowed  to  settle  a  little, 
and  a  short  interval  should  be  allowed  to  elapse  between  each 
addition  of  the  Fehling's  solution,  as  the  reaction  is  not  very  rapid. 
In  all  cases,  Cu9  added  as  Fehling's  solution  corresponds  to  one 
molecule  of  xanthine  bases  precipitated.  The  results  are  always 
somewhat  below  the  truth. 

M.  Kr  tiger  (Zeits.  physiol.  Chem.,  xviii.  351)  finds  that,  by 
the  employment  of  cupric  sulphate  and  sodium  hydrogen  sulphite, 
all  the  xanthinoid  bodies  containing  a  substituted  NH-group  in 
the  molecule  are  precipitated  very  perfectly  from  warm  solutions 
as  cuprous  compounds.  Theobromine  constitutes  a  remarkable 
exception  to  this  rule,  being,  like  caffeine,  creatine  and  creatinine, 
unaffected  by  Kruger's  reagent.  In  carrying  out  the  method, 
Kriiger  slightly  acidulates  the  liquid  containing  the  xanthine 
bases  with  sulphuric  acid.  Sodium  bisulphite  is  then  added,  and 
this  is  followed  by  cupric  sulphate,  when  the  precipitable  bases 
are  thrown  down  as  gelatinous  or  flocculent  white  precipitates, 
which  gradually  become  green  or  brown.  In  some  cases  the 
solution  must  be  heated  to  ensure  complete  precipitation,  but  in 
others  the  reaction  occurs  perfectly  in  the  cold.  The  precipitates 
dissolve  readily  in  mineral  acids,  but  only  with  difficulty  in  hot 
acetic  acid.  They  are  not  altered  by  caustic  soda,  but  dissolve 
in  ammonia  in  presence  of  air.  They  are  readily  decomposed  by 
alkaline  sulphides. 

Uric  acid  is  completely  precipitated  by  Kruger's  reagent,  as 
also  are  adenine,  methyl-adenine,  hypoxanthine,  and  guanine. 
Dimethyl-hypoxanthine  is  not  precipitated  from  warm  solutions, 
but  from  cold  concentrated  solutions  it  separates  in  fine  yellow 
needles. 

If   sodium    thiosulphate    (hyposulphite)    be    substituted    for 
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sodium  bisulphite,  the  behaviour  of  the  xanthinoid  bodies  is 
somewhat  different,  apparently  owing  to  the  formation  of  com- 
pounds soluble  in  excess  of  the  thiosulphate.  Adenine  is  com- 
pletely thrown  down  in  cold  solutions  on  standing,  and  methyl- 
adenine  and  guanine  behave  similarly,  but  hypoxanthine  is  not 
precipitated  even  from  moderately  strong  solutions  unless  warmed. 
The  following  table  shows  the  general  behaviour  of  the  xan- 
thinoid bodies  with  Kriiger's  reagents  : — 


Cupric  Sulphate,  and 

Sodium  Hydrogen  Sulphite. 

Sodium  Thiosulphate. 

Uric  acid, 

Precipitated. 

Precipitated. 

Adenine, 

Ppted. 

Ppted. 

Methyl-adenine,     . 

Ppted. 

Ppted. 

Hypoxanthine, 

Ppted. 

Ppted.  on  warming  only. 

Guanine, 

Ppted. 

Ppted. 

Dimethyl-hypoxanthine, 
Theobromine, 

Ppted.  only  from  cold  concen- 
trated solutions. 
Not  ppted. 

Not  ppted. 
Not  ppted. 

Caffeine,  .... 

Not  ppted. 

Ppted. 

Creatine, 

Not  ppted. 

Not  ppted. 

Creatinine, 

Not  ppted. 

Not  ppted. 

Kriiger  and  Wolff  (Zeit.  physiol.  Chem.)  employ  the  following 
process  for  the  determination  of  xanthine  and  the  allied  bases  in 
urine.  100  c.c.  of  the  sample,  free  from  albumin,  is  heated  to 
boiling  and  treated  with  10  c.c.  of  a  saturated  solution  of  sodium 
bisulphite,  followed  immediately  by  10  c.c.  of  a  13  per  cent,  solu- 
tion of  cupric  sulphate,  and  the  liquid  again  boiled.  Five  c.c.  of  a 
10  per  cent,  solution  of  barium  chloride  is  then  added  to  promote 
settlement,  and  after  two  hours  the  precipitate  is  filtered  off,  and 
washed  thoroughly  with  air-free  water  at  50°  C.  The  precipitate, 
together  with  the  filter,  is  then  subjected  to  KjeldahFs  nitrogen 
process,  and  the  excess  of  nitrogen  present  over  that  previously 
found  to  exist  as  uric  acid  is  regarded  as  existing  in  the  form  of 
xanthine  and  its  analogues. 

E.  Salkowski  (abst.  Jour.  Chem.  Soc.,  1895,  ii.  538)  pre- 
cipitates 1000  c.c.  of  urine  by  ammonio-nitrate  of  silver,  after 
removing  the  phosphates  by  magnesia-mixture.  The  silver  pre- 
cipitate is  suspended  in  water,  decomposed  by  sulphuretted  hydro- 
gen, and  the  filtered  liquid  evaporated  to  dryness.  The  residue 
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is  treated  with  a  little  water  containing  from  2  to  3  per  cent,  of 
sulphuric  acid,  which  dissolves  the  xanthine  bases,  leaving  the 
uric  acid  practically  insoluble.  After  twenty-four  hours,  the 
liquid  is  filtered  and  the  xanthine  bases  reprecipitated  by 
ammonio-nitrate  of  silver,  and  estimated  from  the  weight  of 
silver  in  the  precipitate.  By  this  process,  Salkowski  found  the 
amount  of  xanthine  bases  to  be  about  8  to  10  per  cent,  of  the 
uric  acid.  He  states  that  they  are  not  true  xanthine  but  resemble 
hypoxanthine  (compare  pages  296,  297). 

The  proportion  of  xanthine  derivatives  (other  than  uric  acid) 
ordinarily  present  in  urine  is  extremely  small,  but  there  is  reason 
to  believe  that,  under  circumstances  not  fully  understood,  their 
amount  is  much  increased  and  may  then  be  of  pathological 
importance.  For  the  actual  isolation  and  separation  of  the 
xanthine  bases,  5  to  10  gallons  of  urine  should  be  treated  by 
instalments  of  about  1  quart  at  a  time  with  neutral  lead  acetate 
in  powder,  as  long  as  a  precipitate  is  produced.  The  liquid  is 
filtered  and  sodium  sulphate  added  as  long  as  lead  sulphate 
is  thrown  down,  the  liquid  poured  off  from  the  precipitate, 
sodium  bisulphite  and  copper  sulphate  added,  and  the  liquid 
boiled.  The  precipitate,  which  contains  the  xanthine  deriva- 
tives as  cuprous  salts,  is  filtered  off,  washed,  dissolved  in  dilute 
nitric  acid,  and  excess  of  ammonia  added,  followed  by  silver 
nitrate.  The  precipitate,  consisting  of  the  argentic  oxide 
compounds  of  xanthine,  &c.,  is  separated,  suspended  in  hot 
ammoniacal  water,  and  decomposed  by  sulphuretted  hydro- 
gen, the  resultant  silver  sulphide  filtered  off,  and  the  filtrate 
concentrated  till  the  xanthine  crystallises  out.  If,  instead  of 
decomposing  the  silver  precipitate  with  sulphuretted  hydrogen, 
it  be  boiled  with  nitric  acid  of  I'lO  specific  gravity,  the  silver 
nitrate  compounds  of  hypoxanthine  and  adenine  will  crystallise 
out  immediately  on  cooling,  while  those  of  xanthine,  paraxan- 
thine,  and  heteroxan thine  will  remain  in  solution,  and  may  be 
recovered  as  the  silver  oxide  compounds  by  rendering  the  filtrate 
ammoniacal. 

Balke  (Jour,  prakt.  Chem.,  [2],  xlvii.  537)  employs  the  copper 
process 'for  the  isolation  of  the  xanthine  bases  from  flesh,  and 
gives  the  following  details  of  an  experiment: — About  800  grammes 
of  finely-minced  horse-flesh,  from  which  the  nerves  had  been  pre- 
viously removed  as  far  as  possible,  was  digested  with  an  equal 
weight  of  water  at  50°  to  60°  C.  for  about  an  hour  with  constant 
agitation.  The  liquid  was  pressed  through  a  cloth,  and  the  residue 
similarly  treated  with  half  the  quantity  of  water.  The  liquors 
obtained  were  boiled  and  filtered  from  the  coagulated  albumin. 
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One-half  of  the  filtrate l  was  rendered  alkaline  by  caustic  soda,  and 
filtered  from  a  small  precipitate  of  phosphates.  The  filtrate  was 
treated  with  hydroxylamine  hydrochloride,  and  Fehling's  solution 
then  gradually  added.  The  supernatant  liquid  was  decanted  from 
the  bulky  yellowish-brown  precipitate,  which  was  washed  by  de- 
cantation  with  sodium  acetate  solution,  and  then  collected  on  a 
filter  and  again  washed.  The  precipitate  was  next  suspended  in 
ammonia,  and  decomposed  by  sulphuretted  hydrogen.  The  liquid 
was  filtered  from  the  copper  sulphide,  concentrated,  made  am- 
moniacal,  and  treated  with  lead  acetate,  by  which  the  lead  com- 
pounds of  xanthine,  hypoxanthine,  and  carnine  were  completely 
precipitated,  and  a  filtrate  obtained  which  gave  no  trace  of  a  pre- 
cipitate with  silver  nitrate.  On  boiling  the  lead  precipitate 
several  times  with  water  the  carnine  compound  was  dissolved, 
and  the  base  was  obtained  from  the  solution  after  treating  it 
with  sulphuretted  hydrogen.  The  weight  isolated  was  0'0697 
gramme.  The  portion  of  the  lead  precipitate  insoluble  in  boiling 
wrater  was  decomposed  by  sulphuretted  hydrogen,  when,  by  evapor- 
ating the  filtrate,  a  mixture  of  xanthine  and  hypoxanthine  was 
obtained,  as  a  yellowish-white  mass  weighing  0'172  gramme.  This 
was  treated  with  ammonio-silver  nitrate,  and  the  bases  separated 
by  boiling  the  precipitate  with  nitric  acid  of  1*10  specific  gravity. 
For  the  isolation  of  bodies  of  the  xanthine-group  from  malt, 
Balke  boils  several  kilogrammes  of  the  dry  grain  with  water  con- 
taining 0*5  per  cent,  of  sulphuric  acid.  The  liquid  is  strained, 
concentrated  to  half  its  bulk,  and  at  once  precipitated  with  neutral 
lead  acetate  in  excess.  The  filtered  liquid  is  treated  with  sul- 
phuretted hydrogen,  filtered,  again  heated  to  dissipate  the  excess 

1  The  other  half  of  the  liquid  was  treated  by  Neubauer's  process  as  follows: — 
The  clear  filtrate  was  treated  with  lead  acetate,  filtered,  and  the  excess  of 
lead  removed  by  sulphuretted  hydrogen.  The  filtrate  was  evaporated  to  a 
syrup  at  100°,  and  allowed  to  stand  for  several  days.  The  creatine  which 
separated  was  filtered  off  with  the  aid  of  a  mercury-pump,  and  washed  with 
rectified  spirit.  The  filtrate  and  washings  were  heated  on  the  water-bath, 
ammonia  added,  and  precipitated  with  ammonio-nitrate  of  silver.  The  pre- 
cipitate was  separated,  washed  with  dilute  ammonia,  and  boiled  with  dilute 
nitric  acid  (specific  gravity  1 '10)  containing  a  little  urea.  The  liquid  was 
filtered  boiling  hot,  with  the  aid  of  a  hot-water  funnel,  and  allowed  to  stand 
for  four  hours,  when  the  hypoxanthine  compound  crystallised  out  in  small 
needles  which  were  filtered  off  and  converted  into  the  hypoxanthine  silver  com- 
pound by  digestion  with  ammonia.  From  the  acid  mother-liquor  xanthine 
silver  oxide  was  precipitated  by  adding  ammonia.  From  the  silver  com- 
pounds of  xanthine  and  hypoxanthine  the  bases  were  obtained  as  yellowish- 
white  crystalline  masses  by  passing  sulphuretted  hydrogen  and  evaporating 
the  filtrates. 
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of  the  precipitant,  and  treated  at  80°  C.  with  a  solution  of 
cupric  sulphate.  The  precipitate,  which  contains  the  xanthine 
bases,  is  separated,  decomposed  by  sulphuretted  hydrogen,  and  the 
filtrate  again  treated  with  cupric  sulphate.  After  again  decompos- 
ing the  precipitate  with  sulphuretted  hydrogen,  the  filtered  and 
concentrated  liquid  is  neutralised  with  ammonia  and  precipitated 
with  silver  nitrate,  the  precipitated  xanthine  bases  being  separated 
as  before. 

Xanthine.    C5H4^402. 

Xanthine  differs  from  hypoxanthine  and  from  uric  acid  by  an 
atom  of  oxygen.  Its  constitutional  formula  is  given  on  page  306. 
Xanthine  was  originally  discovered  by  Marcet  (1819)  in  a  urinary 
calculus,  and  called  "  xanthic  oxide."  It  has  been  found  in  Jarvis 
Island  guano,  occurs  as  a  normal  constituent  of  urine  especially 
during  the  use  of  sulphur-baths,  and  is  present  in  minute  quanti- 
ties in  yeast,  the  muscles  of  mammals  and  fishes,  the  liver,  spleen, 
pancreas,  thymus,  brain,  &c.  It  occurs  also  in  very  small  quanti- 
ties in  plants,  e.g.,  in  tea,  malt-seedlings,  lupins,  &c.  The  only 
natural  source  from  which  it  can  be  at  all  conveniently  extracted 
is  meat-extract.  It  has  been  produced  synthetically  by  A.  Gau- 
tier  (Jour.  Cliem.  Soc.,  xlviii.  275)  by  the  reaction  of  hydrocyanic 
acid  and  water  in  presence  of  acetic  acid,  but  its  best  mode  of 
preparation  is  the  decomposition  of  guanine  by  nitrous  acid : — 
C5H5N50-fHN02  =  C5H4N402  +  H20  +  N2.  A  nitro-compound 
is  formed  at  the  same  time,  which  yields  xanthine  on  reduction.1 

Pure  xanthine  forms  a  white  powder  consisting  of  microscopic 
crystals.  It  acquires  a  waxy  lustre  by  friction.  On  heating 
xanthine,  a  small  portion  sublimes  unchanged,  but  by  far  the 
greater  part  chars,  with  evolution  of  cyanogen,  hydrocyanic  acid, 
carbon  dioxide,  and  ammonia. 

1  A  boiling  solution  of  guanine  in  nitric  acid  is  treated  with  sodium  nitrite 
until  red  nitrous  fumes  are  copiously  evolved,  when  the  liquid  is  largely 
diluted  with  water.  The  resultant  yellow  precipitate  is  washed  and  dissolved 
in  hot  ammonia,  and  a  solution  of  ferrous  sulphate  added  until  black  ferroso- 
ferric  hydrate  is  precipitated.  The  liquid  is  then  filtered,  evaporated  to 
dryness,  and  the  residue  washed  with  water  to  dissolve  out  ammonium 
sulphate.  It  is  then  dissolved  in  ammonia  and  the  solution  allowed  to 
evaporate. 

According  to  E.  Fischer  (Annalen,  ccxv.  253)  a  preferable  plan  is  to 
dissolve  10  grammes  of  guanine  in  a  mixture  of  20  grammes  of  concentrated 
sulphuric  acid  with  150  c.c.  of  water.  After  boiling,  the  liquid  is  cooled  to 
about  80°,  and  8  grammes  of  sodium  nitrite  added  with  constant  agitation. 
The  yield  of  xanthine  is  nearly  quantitative,  the  product  only  of  a  pale 
orange  colour,  and  free  from  the  above-mentioned  nitro-compound. 
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Xanthine  is  very  sparingly  soluble  in  water,  requiring  1400 
parts  of  boiling  or  14,000  of  cold  water  for  solution.  The  hot 
aqueous  solution  deposits  a  pellicle  on  evaporation.  Its  reaction 
is  neutral.  In  alcohol  and  ether  xanthine  is  insoluble. 

Xanthine  dissolves  in  dilute  acids  and  in  alkalies,  and  unites 
with  each  class  of  bodies  to  form  crystallisable  compounds  (fig.  15). 
It  dissolves  with  facility  in  caustic  potash  or  soda,  but  is  precipi- 
tated from  the  solution  by  adding  an  acid,  even  carbonic  acid.  It 
is  dissolved  by  warm  ammonia  (distinction  from  uric  acid),  and  on 
cooling  crystals  of  the  ammonium  salt  separate ;  but  on  exposure 
to  air,  or  on  evaporating  the  solution,  all  the  ammonia  is  lost  and 
free  xanthine  remains. 

XaC5H3N402  +  H20  crystallises  in  microscopic  needles  from  a 
solution  of  xanthine  in  the  smallest  possible  quantity  of  caustic 
soda.  Like  acid  urate  of  sodium,  it  is  decomposed  by  repeated 
recrystallisation,  and  retains  its  water  of  crystallisation  till  heated 
to  about  190°  C.  On  boiling  xanthine  with  baryta- water,  the 
sparingly  soluble  barium  salt  separates  on  cooling. 

Xanthine  hydrochloride,  B,HC1,  is  deposited  in  difficultly  soluble 
glistening  scales  aggregated  in  nodules.  The  sulphate,  B,H2S04 
+  H.2G,  forms  microscopic  glistening  tables,  which  lose  the  whole 
of  their  acid  on  washing 
with  water.  Xanthine  ni- 
trate forms  fine  yellow 
crystals  of  characteristic 
microscopic  appearance  (fig. 
15). 

Mercuric  chloride  preci- 
pitates xanthine  from  very 
dilute  solutions.  A  solu- 
tion of  1  part  of  xanthine 
in  30,000  gives  a  distinct 
opalescence  with  mercuric 
chloride. 

Cupric  acetate  produces 
no  precipitate  in  a  cold 
solution  of  xanthine,  but  on  heating  a  flocculent  precipitate  of 
apple-green  colour  is  formed.  With  cuprous  salts,  or  with 
Fehling's  solution  in  presence  of  hydroxylamine  hydrochloride 
(page  307),  the  compound  Cu20,C5H4N402  is  thrown  down  as  a 
white  precipitate,  which  rapidly  turns  green  from  oxidation. 

An  ammoniacal  solution  of  xanthine  gives  precipitates  with  the 
chlorides  of  calcium  and  zinc,  and  with  lead  acetate. 

An  ammoniacal  solution  of  xanthine  gives  a  gelatinous  precipi- 
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tate  of  Ag20,C5H4N402  with  ammonio-nitrate  of  silver.  Treated 
with  hot  dilute  nitric  acid  (sp.  gr.,  1*10)  it  dissolves,  and  the  solu- 
tion, after  cooling,  very  slowly  (if  at  all)  deposits  crystals  of 
xanthine-silver  nitrate,  C5H4]XT402,AgN03,  grouped  in  a  manner 
resembling  wavellite.  The  same  compound  separates  when  a 
solution  of  xanthine  in  a  minimum  of  nitric  acid  is  treated  with 
silver  nitrate.  Its  greater  solubility  in  hot  nitric  acid  of  the  above 
strength  distinguishes  the  silver  nitrate  compound  of  xanthine 
from  those  of  hypoxanthine,  carnine,  adenine  (and  guanine) ;  while 
those  of  (guanine,)  hypoxanthine  and  paraxanthine  resemble  the 
xanthine  compound  in  their  behaviour. 

Xanthine  gives  the  following  colour-reactions  with  oxidising 
agents : — 

Strecker's  Test. — Xanthine  dissolves  in  hot  nitric  acid  without 
evolution  of  gas.  On  careful  evaporation  of  the  solution  a 
yellow  residue  remains,  which  turns  reddish-yellow  on  addition  of 
caustic  potash  or  soda,  and  on  subsequent  heating  becomes  reddish- 
violet.  If  ammonia  be  substituted  for  the  fixed  alkali  in  the 
above  test,  no  violet  coloration  is  obtained.  This  behaviour  dis- 
tinguishes xanthine  from  uric  acid,  which  gives  the  characteristic 
murexide  reaction  when  similarly  treated. 

WeideTs  Test. — If  xanthine  be  treated  with  freshly-prepared 
chlorine-water  and  a  trace  of  nitric  acid,  and  the  liquid  carefully 
evaporated  to  dryness,  a  residue  is  obtained  which  becomes  pink 
or  crimson  on  cautious  exposure  to  animoniacal  vapours  (compare 
uric  acid). 

Hoppe-Seylers  Test. — If  solid  xanthine  be  sprinkled  on  a  solu- 
tion of  caustic  soda  with  which  some  bleaching  powder  has  been 
mixed,  each  particle  becomes  surrounded  with  a  dark  green  ring 
or  scum,  which  rapidly  becomes  brown  and  disappears. 

When  treated  with  hydrochloric  acid  and  potassium  chlorate, 
xanthine  yields  alloxan  and  urea. 

Xanthine  occurs  in  very  rare  cases  as  a  urinary  calculus.  For 
its  detection,  the  powdered  calculus  should  be  boiled  with  caustic 
alkali,  and  the  filtered  solution  treated  with  hydrochloric  acid  and 
again  filtered.  If  xanthine  be  present  in  any  quantity,  hexagonal 
tables  or  globular  masses  of  the  hydrochloride  will  form  as  the 
liquid  cools.  The  indication  may  be  confirmed  by  dissolving  the 
product  in  ammonia  and  adding  ammonio-nitrate  of  silver,  when 
gelatinous  xanthine-silver  oxide  will  be  precipitated. 

Flesh,  meat-extract,  and  similar  matters  may  be  examined  for 
xanthine  by  the  method  described  in  the  table  on  page  299. 
From  urine,  xanthine  may  be  isolated  by  the  processes  detailed  on 
page  309  et  seq. 
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PSEUDOXANTHINE,  C4H5N"50,  is  a  base  discovered  by  Gautier  in 
muscular  tissues.  It  is  described  as  forming  a  yellow  powder,  or 
stellate  crystals,  much  resembling  uric  acid.  It  is  sparingly  soluble 
in  water,  but  soluble  in  alkalies.  It  forms  a  very  soluble  hydro- 
chloride,  and  yields  precipitates  with  ammoniacal  lead  acetate, 
mercuric  chloride,  and  ammonio-nitrate  of  silver.  With  oxidising 
agents  it  gives  similar  colour-reactions  to  xanthine. 

HETEROXANTHINE,  C6H6N402.  This  base,  which  has  probably 
the  constitution  of  amethyl-xanthine,1  occurs  in  very  small 
quantity  in  normal  human  urine,  together  with  xanthine,  paraxan- 
thine  and  hypoxanthine.  It  is  said  to  be  present  in  larger  amount 
in  the  urine  of  anaemic  patients.  Heteroxanthine  has  also  been 
detected  in  dog's  urine.  It  is  crystalline,  soluble  with  difficulty 
in  cold  water,  but  much  more  readily  on  heating,  and  is  insoluble 
in  alcohol  or  ether.  The  hydrochloride  crystallises  readily  and  is 
only  sparingly  soluble,  which  fact  gives  a  means  of  separating 
heteroxanthine  from  the  closely-allied  base  paraxanthine,  the 
hydrochloride  of  which  is  more  easily  soluble.  The  two  bases 
may  be  separated  from  co-occurring  xanthine  derivatives  by  the 
sparing  solubility  of  their  sodium  salts  in  excess  of  caustic  soda. 

Heteroxanthine  gives  an  insoluble  compound  with  ammonio- 
nitrate  of  silver.  It  yields  a  brilliant  colour  with  Weidel's  test 
(page  314),  but  gives  no  characteristic  reaction  with  Strecker's  test. 

PARAXANTHINE,  C7H8N402,  has  probably  the  constitution  of  a 
dimethyl-xanthine,  and  is  isomeric  with  theobromine  and  theophyl- 
line  (Part  ii.  page  498).  It  exists  in  minute  quantity  in  urine. 
Paraxanthine  is  sparingly  soluble  in  cold  water,  but  dissolves  readily 
on  warming,  and  is  insoluble  in  alcohol  and  ether.  It  crystallises 
in  flat,  irregular,  hexagonal  tables  when  its  solution  is  slowly 
evaporated,  but  if  the  liquid  be  rapidly  concentrated  the  base 
separates  in  needles.  Paraxanthine  is  said  to  be  poisonous. 

The  silver  nitrate  compound  of  paraxanthine  is  soluble  in  hot 
dilute  nitric  acid,  thus  resembling  the  xanthine  compound  and 
differentiating  paraxanthine  from  hypoxanthine,  carnine,  adenine, 
episarkine,  and  guanine.  Paraxanthine  responds  to  Weidel's  re- 
action, but  gives  no  colour  with  Strecker's  test. 

Paraxanthine  is  further  distinguished  from  xanthine  by  its 
greater  solubility  in  water,  and  from  heteroxanthine  by  the  more 
ready  solubility  of  its  hydrochloride  (see  above). 

Guanine.   Imido-xanthine,  C5H5lsr6o.  (See  page  306.) 

Guanine  is  best  prepared  from  Peruvian  guano,  which  should  be 

1  A  mono-methylxanthine  has  recently  been  found  in  the  urine  after  taking 
much  tea  and  coffee. 
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boiled  with  milk  of  lime  till  it  assumes  a  greenish-yellow  colour, 
when  the  liquid  is  filtered.  The  operation  is  repeated  as  long  as 
a  coloured  filtrate  is  obtained.  The  residue,  which  contains  the 
whole  of  the  uric  acid  and  guanine,  is  repeatedly  extracted  with 
sodium  carbonate.  The  filtrate  is  treated  with  sodium  acetate, 
hydrochloric  acid  added  to  strong  acid  reaction,  and  the  guanine 
dissolved  out  of  the  precipitate  by  boiling  it  with  dilute  hydro- 
chloric acid.  The  guanine  hydrochloride  which  separates  on  cool- 
ing is  separated  from  admixed  uric  acid  by  boiling  it  with  dilute 
ammonia,  and  the  residual  guanine  dissolved  in  hot  concentrated 
nitric  acid,  which  on  cooling  deposits  the  nitrate,  from  which  the 
free  base  may  be  liberated  by  ammonia.  C.  Wolff  (Zeit. 
Physiol.  Chem.,  xvii.  468)  recommends  the  following  method  for 
the  preparation  of  guanine  : — Guano  is  boiled  for  four  hours  with 
dilute  sulphuric  acid,  cooled  and  filtered,  the  filtrate  made  alkaline 
with  caustic  soda  and  again  filtered.  To  the  filtrate  ammonio- 
nitrate  of  silver  is  added,  which  precipitates  the  guanine  and  uric 
acid.  The  washed  precipitate  is  treated  with  hot  dilute  hydrochloric 
acid,  the  silver  chloride  filtered  off,  and  the  filtrate  decolorised 
with  animal  charcoal.  From  the  clarified  liquid  the  guanine  is 

precipitated  by  ammonia.  It 
is  redissolved  in  hot  nitric 
acid  containing  a  small  quan- 
tity of  urea  (to  ensure  the 
absence  of  any  trace  of  nitrous 
acid),  and  the  liquid  set 
aside  to  crystallise.  The 
guanine  nitrate  which  sepa- 
rates is  free  from  uric  acid, 
and  is  freed  from  traces  of 
xan thine  by  solution  in  dilute 
caustic  soda  and  addition  of 
ammonium  chloride,  when 
the  xanthine  remains  in 
solution. 

Wolff  states  that  the 
guanine  exists  in  guano  partly  as  a  calcium  compound  and  partly 
in  the  form  of  substances  like  nuclein.  From  these  it  is  liberated 
by  the  preliminary  treatment  with  hot  sulphuric  acid. 

Guanine  forms  a  white  amorphous  powder  which  may  be  heated 
to  200°  without  change.  It  is  insoluble  in  water,  alcohol,  or 
ether.  Guanine  is  distinguished  from  xanthine  and  hypoxanthine 
by  its  insolubility  in  hot  dilute  ammonia.  It  forms  crystallis- 
able  salts  with  the  stronger  acids,  and  guanine  hydrochloride, 


Fig.  16.— GUANINE  HYDROCHLORIDE 
(after  Kuhne). 


HYPOXANTHINE.  31 7 

C5H5X50,HCl  +  aqua  and  yuanine  nitrate,  2B,HN03  +  3  aqua, 
have  a  characteristic  microscopic  appearance.  The  silver  nitrate 
compound  of  guanine  is  described  on  page  307. 

On  adding  a  cold  saturated  aqueous  solution  of  picric  acid  to  a 
warm  solution  of  guanine  hydrochloride,  guanine  picrate, 
B,C6H3(N02)30  +  H20,  is  thrown  down  as  a  highly  insoluble  pre- 
cipitate of  orange-yellow  silky  needles.  Adenine  is  the  only 
other  base  of  the  xanthine  group  which  is  precipitated  by  picric 
acid  from  dilute  solutions,  but  guanidine  gives  a  similar  reaction. 

Potassium  bichromate  throws  down  from  solutions  of  guanine  a 
highly  insoluble,  orange-red,  crystalline  precipitate  of  guanine 
dichromate,  B,H2Cr207.  Potassium  ferricyanide  produces  a 
brown,  crystalline  precipitate.  Xanthine  and  hypoxan thine  give 
no  similar  reactions. 

Guanine  is  converted  into  xanthine  by  treatment  with  nitrous 
acid  (compare  page  312). 

When  boiled  with  strong  hydrochloric  acid,  guanine  is  decom- 
posed according  to  the  equation  : — 

C5H5N50  +  7H20  =  C2H6N02  +  4NH3  +  CH202  +  2C02. 

EriGUANiNE  is  the  name  given  by  M.  Kr tiger  (Chem.  Centralb., 
1895,  i.  292)  to  a  base  isolated  from  the  urine  of  insane  persons. 
It  contains  C10H13N902,  and  resembles  guanine.  A  small  quantity 
of  a  second  base  was  obtained  from  the  mother-liquors  of 
epiguanine. 

Hypoxanthine.    Sarkine.    C5H5N40. 

This  base  differs  from  xanthine  by  an  atom  of  oxygen  (see 
page  306).  It  separates  from  its  solutions  as  a  white  crystalline 
powder,  soluble  in  300  parts  of  cold  or  78  of  boiling  water,  and 
in  900  parts  of  boiling  alcohol.  The  base  is  insoluble  in  ether. 

Hypoxanthine  forms  soluble  crystallisable  salts  with  acids.  The 
microscopic  appearances  of  the  nitrate  and  hydrochloride  are 
characteristic  (fig.  17).  The  urate,  which  is  polymeric  with 
xanthine,  is  precipitated  on  adding  potassium  urate  to  a  solution 
of  hypoxanthine  hydrochloride. 

The  silver  oxide  compound  of  hypoxanthine,  Ag20,C5H5N40, 
is  formed  as  a  gelatinous  precipitate  on  adding  ammonio-nitrate 
of  silver  to  an  ammoniacal  solution  of  the  base.  It  is  insoluble 
in  ammonia,  unless  used  in  great  excess,  arid  it  dissolves  with 
difficulty  in  boiling  nitric  acid  of  I'lO  specific  gravity.  On  cool- 
ing, a  compound  of  the  formula  C5H5N40,AgN03  separates  in 
crystals,  which,  under  the  microscope,  appear  as  long  prisms  or 
spindles,  sometimes  isolated  but  in  other  cases  crossed  symmetri- 
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cally  to  form  stellate  groups.  The  last  form  is  common  when  the 
crystallisation  occurs  slowly.  The  characters  of  the  silver  nitrate 
compound  allow  of  the  separation  of  hypoxanthine  from  other 
bases  of  the  group  (see  page  306). 

Hypoxanthine  gives  negative  or  only  very  faint  reactions  with 
Strecker's,  Weidel's,  and  Hoppe-Seyler's  tests  (page  314).  After 
treatment  with  hydrochloric  acid  and  zinc  it  gives  a  ruby-red 
coloration  on  addition  of  caustic  soda  in  excess.  In  this  reaction 
it  behaves  like  adenine. 

Hypoxanthine  is  almost  always  associated  with  xanthine.  It 
occurs  in  the  flesh  and  muscles  of  the  heart  of  the  horse  and 
ox,  in  the  pancreas,  the  spleen,  and  the  liver,  especially  in 


Fig.  17. 


HYPOXANTHINE  NITRATE. 


HYPOXANTHINE  HYDROCHLORIDE. 


cases  of  yellow  atrophy.  It  has  also  been  found  in  human  and 
dog's  urine.  It  may  be  isolated  by  the  method  described  in  the 
table  on  page  299,  and  purified  by  solution  in  hot  water,  with 
addition  of  hydroxide  of  lead,  filtration,  separation  of  the  lead 
as  sulphide,  and  concentration  of  the  filtrate  to  the  crystallising 
point. 

EPISARKINE,  C4H6X30,  was  obtained  by  P.  Balk e  (Jour,  prakf. 
Chem.,  [2],  xlvii.  537),  together  with  hypoxanthine,  when  extract- 
ing the  latter  from  urine  by  Salomon's  method  (see  Jour.  Chem.  Soc., 
Hi.  737).  It  resembles  adenine,  except  for  its  great  insolubility 
in  cold  water.  It  crystallises  in  prismatic  needles,  and  is  best 
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separated  from  hypoxan thine  by  dissolving  the  bases  in  dilute 
ammonia  as  possible,  and  saturating  the  solution  with  carbon 
dioxide,  when  the  episarkine  crystallises  out.  The  hydrochloride 
crystallises  readily.  The  silver  nitrate  compound  is  insoluble  in 
dilute  nitric  acid,  but  soluble  in  ammonia.  Episarkine  gives  no 
reaction  with  Weidel's  test,  but  when  evaporated  with  hydro- 
chloric acid  and  potassium  chlorate  it  yields  a  white  residue  which 
becomes  intensely  violet  on  exposure  to  ammonia.  Episarkine 
is  precipitated  by  phospho-tungstic  acid,  mercuric  chloride,  and 
ammoniacal  lead  acetate. 

Adenine.    Imido-sarkine,    C5H5N5. 

Adenine  was  originally  obtained  by  Kossel  in  treating  pancreas 
for  the  preparation  of  hypoxanthine,  but  is  most  conveniently 
prepared  from  tea.  It  contains  an  alloxan-nucleus,  and  has  the 
constitution  of  an  imido-hypoxanthine.  Hence  adenine  bears  the 
same  relation  to  that  body  that  guanine  does  to  xanthine  (see  page 
306).  Adenine  may  be  converted  into  hypoxanthine  by  treat- 
ment with  nitrous  acid. 

When  pure,  adenine  crystallises  from  its  aqueous  solution  in 
needles,  which  dissolve  in  1086  parts  of  cold  .water,  and  are 
readily  soluble  in  hot  water.  It  is  but  slightly  soluble  in  hot 
alcohol,  and  is  insoluble  in  ether. 

Adenine  may  be  obtained  in  four-sided  pyramids,  free  from 
water  of  crystallisation,  by  adding  excess  of  ammonia  to  a  concen- 
trated solution  of  its  hydrochloride. 

Adenine  yields  crystallisable  salts  with  acids,  and  also  forms 
definite  compounds  with  some  neutral  salts. 

Adenine  does  not  give  the  ordinary  colour-reactions  character- 
istic of  the  xanthine  bases,  but  resembles  hypoxanthine  in  yielding 
a  red  coloration  on  treatment  with  hydrochloric  acid  and  zinc  with 
subsequent  addition  of  an  alkali. 

An  aqueous  solution  of  adenine  (J  per  cent.)  gives  no  precipitate 
with  potassium  ferrocyanide  or  ferricyanide  until  acetic  acid  is 
added,  when  thin  crystalline  plates  are  deposited.  "With  chromic 
acid  adenine  forms  the  compound  (C5H5N5)2,H2Cr207,  crystallising 
in  six-sided  plates.  Cupric  sulphate  produces  in  adenine  solutions 
an  amorphous  greyish-blue  precipitate,  consisting  of  a  mixture  of 
copper-adenine  and  of  adenine-copper  sulphate.  Ferric  chloride 
gives  a  red  coloration  unaltered  by  heat. 

Adenine  and  hypoxanthine  combine  in  aqueous  solution  to  form 
a  compound  containing  C5H5N5,C5H5N40  +  3H20,  which  crystal- 
lises from  water  in  clusters  of  slender  needles  which  readily 
effloresce,  and  rapidly  lose  water  at  100°.  The  compound  forms 
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a  homogeneous  hydrochloride,  which  may  be  separated  into  its  con- 
stituents by  dissolving  it  in  dilute  sulphuric  acid  and  fractionally 
crystallising. 

For  the  separation  of  adenine  from  the  allied  bases,  G.  Bruhns 
(Her.,  xxiii.  225 ;  abst.  Jour.  Chem.  Soc.,  Iviii.  534)  employs  the  fol- 
lowing process  : — Silver  nitrate  is  added  to  the  nitric  acid  solution 
of  the  bases,  when  the  silver  nitrate  compounds  adenine  and  hypo- 
xanthine  are  precipitated,  and  xanthine  and  guanine  remain  in 
solution.  The  precipitate  is  decomposed  by  sulphuretted  hydrogen 
or  dilute  hydrochloric  acid,  the  resulting  solution  nearly  neutralised 
by  sodium  carbonate,  and  a  solution  of  sodium  picrate  added. 
After  standing  fifteen  minutes,  the  precipitate  of  adenine 
picrate  is  filtered  off,  washed,  dried  at  100°,  and  weighed.  The 
original  precipitate  contains  C5H5N5,C6H2(N02)3.OH-|-H20,  but 
becomes  anhydrous  at  100°,  and  undergoes  no  further  change  below 
220°.  Adenine  picrate  is  soluble  in  3500  parts  of  cold  water, 
so  that  a  correction  of  2*2  milligrammes  must  be  made  for  every 
100  c.c.  of  filtrate  and  wash-water.  From  the  filtrate  the  hypo- 
xanthine  is  precipitated  by  neutralising  with  ammonia  and  adding 
ammonio-nitrate  of  silver.  JS~o  correction  for  solubility  need  be 
made  if  both  solutions  are  free  from  excess  of  ammonia. 

Adenine  is  very  completely  precipitated  by  cupric  sulphate 
in  presence  of  a  reducing  agent.  By  employing  sodium  thiosul- 
phate  as  the  reducing  body,  and  operating  in  a  cold  solution, 
separation  from  hypoxanthine  can  be  effected  (see  page  309). 

Carnine.    C7H8^403. 

Gamine  crystallises  in  agglomerations  of  minute  irregular  crys- 
tals. It  is  very  little  soluble  in  cold  water,  but  readily  in  hot, 
separating  again  on  cooling.  It  is  insoluble  in  alcohol  or  ether. 
Carnine  forms  crystallisable  salts  both  with  acids  and  bases. 
Its  hydrochloride  gives  a  golden-yellow  precipitate  with  platinic 
chloride.  The  compound  with  basic  lead  acetate  dissolves  in 
boiling  water.  The  silver  nitrate  compound  resembles  that  of 
hypoxanthine,  and  in  its  reaction  with  Weidel's  test  carnine  also 
behaves  like  hypoxanthine. 

Bromine-water  is  decolorised  when  added  to  a  boiling  solution  of 
carnine.  On  concentrating  the  liquid  at  100°,  brilliant  needles  of 
hypoxanthine  hydrobromide  are  deposited,  and  on  treatment  with 
caustic  soda  yield  the  free  base. 

The  occurrence  of  carnine  in  urine  is  doubtful.  Hitherto  it  has 
only  been  found  with  certainty  in  extract  of  meat,  of  which  it 
constitutes  about  1  per  cent. 
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PTOMAINES. 

The  ptomaines  are  bodies  analogous  to  the  vegetable  alkaloids, 
produced  in  the  putrefactive  decomposition  of  animal  tissues  and 
other  nitrogenous  organic  matters.  Their  formation  may  occur  in 
living  tissues  as  well  as  after  death,  but  they  are  in  all  cases  the 
products  of  bacterial  life.  Contrary  to  the  general  impression, 
the  majority  of  known  ptomaines  are  destitute  of  marked  poisonous 
properties. 

The  term  ptomaine  (TTTW/ULOI,  cadaver  or  corpse;  ivo,  material) 
is  due  to  Se  Imi,  whose  researches  (1873  to  1876)  were  among  the 
earliest  on  the  alkaloids  of  putrefaction,  and  first  directed  general 
attention  to  the  subject.  Selmi  showed  that  different  ptomaines 
could  be  obtained  by  extracting  solutions  of  putrid  matter  succes- 
sively with  ether,  chloroform,  and  amylic  alcohol,  and  that  the  fluid 
still  retained  ptomaines  which  were  not  extracted  by  any  of  these 
solvents.  The  ptomaines  were  thus  proved  to  be  numerous,  and 
many  of  them  were  found  to  give  reactions  simulating  those  of  the 
plant-bases.  Selmi  operated  with  extracts  only,  and  did  not 
isolate  any  of  his  bases  in  a  pure  state.  Nencki  (1876)  was  the 
first  chemist  to  obtain  a  ptomaine  in  a  state  sufficiently  pure  to 
allow  its  composition  to  be  ascertained.  It  was  found  to  contain 
C8HnN,  and  hence  to  be  isomeric  with  collidine,  from  which, 
however,  it  differed  in  many  respects.  Since  then,  many  other 
ptomaines  have  been  isolated  and  analysed,  but  much  remains  to  be 
learned  respecting  their  constitution,  chemical  characters,  reactions, 
and  physiological  action.1 

Many  writers  on  the  subject  of  ptomaines  have  adopted  un- 
questioned as  generally  true  the  description  of  such  of  them  as 

1  Animal  bases  are  being  constantly  produced  in  the  animal  system  as  the 
result  of  normal  physiological  processes,  and,  in  ordinary  circumstances, 
are  regularly  eliminated  by  the  kidneys,  bowels,  skin,  and  lungs ;  but  when, 
from  any  cause,  one  or  more  of  these  channels  of  elimination  becomes  ineffec- 
tive, an  accumulation  of  the  effete  matters  occurs  in  the  system,  and  a  toxic 
action  is  exerted  by  them  on  the  nerve-centres.  The  headache  associated  with 
constipation  is  ascribable  to  this  cause,  and  more  serious  nervous  symptoms 
result  from  the  deficient  excretory  action  of  the  kidneys  which  occurs  in  certain 
diseases  of  those  organs.  In  addition  to  being  got  rid  of  by  actual  excretion, 
the  effete  matters  are  also  largely  destroyed  by  oxidation,  the  liver  apparently 
playing  a  leading  part  in  this  action.  The  fever  of  prostration,  which  results 
in  a  perfectly  healthy  body  from  over- exertion,  is  due  to  accumulation  of  waste 
matters  which  have  been  found  in  excess,  and  but  imperfectly  eliminated  or 
oxidised.  In  the  case  of  the  infectious  fevers,  it  is  probable  that  the 
symptoms  are  due  to  the  toxic  action  of  ptomaines  produced  by  specific 
micro-organisms  which  have  been  introduced  into  the  system,  and  found  it 
suitable  for  their  development. 
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were  known  to  the  earlier  observers,  and  have  regarded  their 
chemical  relationships  as  being  much  closer  than  is  actually  the 
case.  In  many  instances,  observers  have  assumed  ptomaines  to  be 
absent  from  putrefying  material,  because  no  substance  of  basic 
character  could  be  extracted  therefrom  by  ether  or  chloroform, 
ignoring  or  being  ignorant  of  the  fact  that  a  number  of  the  best- 
known  ptomaines  are  not  extracted  from  aqueous  liquids  by  such 
solvents.  Similarly  the  reduction  of  ferric  ferricyanide  to  prussian 
blue,  observed  by  Brouar del  and  Bout  my  to  be  produced  by 
certain  ptomaines,  and  erroneously  supposed  by  these  chemists  to 
be  peculiar  to  and  characteristic  of  such  bases,  has  been  assumed 
by  later  observers  to  be  produced  by  bases  having  no  analogy  with 
or  relationship  to  those  which  were  found  to  give  the  reaction, 
except  the  very  distant  one  of  being  also  products  of  putrefactive 
decomposition.  Nor  does  it  appear  to  have  been  generally  recog- 
nised that  the  striking  difference  in  the  nature  of  the  ptomaines 
isolated  by  Gautier,  Nencki,  and  others  (collidine,  hydrocollidine, 
hydrolutidine,  &c.),  and  those  found  by  Brieger  (cadaverine,  neuri- 
dine,  putrescine,  &c.),  was  due  to  the  method  of  extraction  em- 
ployed, the  former  being  obtained  from  an  ether  or  chloroform 
extract,  and  the  latter  by  precipitation  from  an  aqueous  liquid. 

Chemistry  of  Putrefaction. 

The  chemistry  of  putrefactive  decomposition  has  made  great 
advances  of  late  years,  and  is  now  well  understood  to  signify  the 
process  of  fermentation  that  nitrogenous  organic  matters,  especially 
proteids,  undergo  in  presence  of  living  bacteria  at  a  suitable 
temperature. 

The  putrefaction  of  proteids  usually  commences  by  the  trans- 
formation of  the  proteid  substance  itself,  first  into  albuminates, 
that  is,  bodies  soluble  in  liquids  of  acid  or  alkaline  reaction,  but 
precipitated  on  neutralisation  ;  secondly,  into  peptones,  which 
are  proteid  bodies  soluble  at  all  temperatures  in  all  aqueous  liquids, 
whether  acid,  alkaline,  or  neutral.  The  second  stage  in  putre- 
faction consists  in  the  breaking  up  of  these  proteid  bodies  to  form 
compounds  of  comparatively  simple  and  definite  composition,  of 
which  the  principal  are  leucine,  tyrosine,  and  indole.  The 
two  latter  bodies  belong  to  the  aromatic  series,  the  members  of 
which  usually  if  not  invariably  possess  more  or  less  marked 
antiseptic  properties,  that  is,  they  are  antagonistic  to  the  life  of 
ferment-organisms. 

In  the  process  of  putrefaction  the  initial  material  is  proteid, 
and  the  end-products  are  ammonia  and  carbon  dioxide,  so  that 
the  difference  between  putrefactive  change  and  the  normal  decorn- 
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positions  which  occur  in  the  living  animal  are  chiefly  in  the 
intermediate  stages,  the  formation  of  glucosides  of  fatty  acids 
being  especially  characteristic  of  living  processes,  while  the  pro- 
duction of  amido-derivatives  of  the  lower  fatty  acids  characterises 
putrefactive  decomposition. 

In  1876,  E.  Salkowski,  when  investigating  the  condition  of 
the  urine  in  several  cases  of  ileus,  in  which  an  indigo-producing 
body  was  produced  in  excessive  amount,  found  that  on  distilla- 
tion with  hydrochloric  acid  the  urine  yielded  a  notable  quantity 
of  phenol.  This  was  subsequently  proved  to  exist  in  the  urine 
in  the  form  of  a  salt  of  pheuyl-sulphuric  acid,  (C6H5)HS04 
(see  Part  i.  page  9),  isomeric  with  phenol-sulphoiiic  acid, 
C6H4(S03H)OH  ;  and  the  same  body,  or  its  homologue  cresyl- 
sulphuric  acid,  (C7H7)HS04,  appears  to  be  constantly  present 
in  the  urine  of  the  horse. 

The  study  of  indole  and  skatole,  two  bodies  characteristic  of 
faeces,  led  to  the  recognition  of  their  relation  to  phenol,  which 
compound  was  found  to  be  excreted  most  abundantly  by  patients 
suffering  from  septic  diseases,  particularly  suppurating  wounds, 
discharging  empysemias,  &c.,  whence  it  appeared  that  "  that  sub- 
stance (phenol)  which  is  generally  regarded  as  antiseptic  par 
excellence  is  itself  a  product  of  putrefaction." 

But  until  a  comparatively  recent  period  tyrosine  was  the 
only  known  representative  of  the  aromatic  group  among  the  pro- 
ducts of  septic  or  intestinal  decompositions  of  proteids.  The 
relation  of  tyrosine  to  phenol  is  indicated  by  the  constitution  of 
the  former  body  as  a  phenyl-amidohy  doxy  lactic  acid,  and  by  the 
fact  that  phenol  can  be  actually  obtained  from  tyrosine  by  the 
action  of  caustic  potash ;  and  this  suggested  that  the  phenol 
resulting  from  bacterial  decomposition  was  not  derived  primarily 
from  the  proteid  molecule,  but  secondarily  through  the  decomposi- 
tion of  tyrosine.  By  treating  an  aqueous  solution  of  tyrosine 
with  a  fragment  of  putrid  pancreas,  and  allowing  it  to  ferment  for 
two  days,  an  abundant  yield  of  hydroparacoumaric  acid 
was  obtained,  of  which  tyrosine  may  be  regarded  as  the  amido- 
•derivative.  The  bacteria  appear  to  act  by  causing  a  production 
of  nascent  hydrogen,  which  then  decomposes  the  tyrosine  with 
formation  of  ammonia.  The  further  stages  of  the  change  have 
been  experimentally  verified  by  Baumann  by  treating  ammonium 
hydroparacoumarate  with  sewage-water  and  allowing  the  liquid  to 
ferment.  After  ten  days,  phenol,  paracresol,  and  oxyphenylacetic 
acid  were  recognised  among  the  products  of  the  decomposition, 
the  various  stages  of  which  may  be  represented  by  the  following 
•equations  : — 
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Tyrosine,    . 


C6H4 


Hydroparaparacoumaric  acid,  C6H4      CH2.CH2.COOH 


CH4 


Hydroxyphenyl-acetic  acid,     C6H4JQg2>C(      3  ;  which,  plus  K,  =  CH4 


Para-hydroxybenzoic  acid,        C6H4  | 
Phenol,     ....      C6H4  {  ^ 


;  which,  wwws  C0.2  = 


Hydroxyphenyl-acetic     Methylamine. 
acid. 


Paracresol. 


Phenol. 


Glycocine. 


Sarcosine. 


If  C02  be  split  off  at  any  earlier  stage,  paracresol,  C6H4(CH3)OH, 
results  instead  of  phenol. 

It  is  evident  that  the  foregoing  reactions  may,  and  probably 
will,  proceed  simultaneously,  in  which  case  we  have  the  following 
changes  :  — 

C6H4(OH).CH2.CH(NH2).COOH  +  H2= 
Tyrosine. 

C6H4(OH).CH2.CH(NH2).COOH  +  H2= 
Tyrosine. 

C6H4(OH).CH2.CH(NH2).COOH  +  H2= 
Tyrosine. 

Concurrently  with  the  formation  of  tyrosine,  indole,  &c.,  from 
bodies  containing  an  aromatic  nucleus  proceeds  the  formation  of 
leu  cine,  C6H13N02,  and  other  amido-fatty  acids  from  compounds 
of  the  fatty  series,  while  the  lecithins  split  up  with  formation  of 
choline,  neurine,  &c.  These  bodies  have  long  been  known  as 
products  of  putrefactive  change,  but  it  is  only  comparatively 
recently  that  other  bases  apparently  peculiar  to  such  conditions 
have  been  recognised.  To  these  bases  the  name  of  ptomaines 
or  cadaveric  alkaloids  is  more  properly  applied,  and  might 
be  advantageously  restricted. 

The  formation  of  ptomaines  during  the  putrefaction  of  albu- 
minous substances  appears  to  follow  certain  laws,  and  bases  which 
are  comparatively  abundant  during  the  earlier  periods  disappear 
entirely  or  partly,  and  are  replaced  by  others  during  the  subse- 
quent stages. 

Brieger  points  out  that  lecithin  (page  241)  begins  to 
decompose  almost  immediately  after  death,  with  formation  of 


PTOMAINES  IN   PUTREFACTION.  325 

choline  and  distearyl-phospho-glyceric  acid  (phospho- 
distcarin) l : — 

(C18H350.0)2:C3H5.OPO(OH).O.C2H4N(CH3)9.OH  +  OH2  = 
(C18H350.0)2:C3H5.OPO(OH)2  +  OH.C2H4.N(CH3)2.OH 

Hence,  in  the  incipient  stage  of  putrefaction,  choline  is  the 
only  ptomaine  which  can  be  detected,  but  other  bases  are  rapidly 
formed  as  the  decomposition  progresses,  neuridine  being  espe- 
cially prominent  about  the  third  day.  This  base  appears  to  be 
one  of  the  most  constant  products  of  putrefaction,  and  is  always 
accompanied  by  choline;  but  while  the  latter  substance  gradu- 
ally disappears  with  the  progress  of  the  decomposition,  and  is 
replaced  by  trimethylamine,  the  neuridine  augments  in  quan- 
tity, day  by  day,  up  to  a  certain  point,  when  it  also  gradually 
decreases  and  ultimately  disappears  entirely.2  Brieger  detected 
neuridine  on  the  third  day  of  putrefaction  of  pancreas  and  liver. 
The  choline  had  disappeared  completely  by  the  seventh  day,  but 
neuridine  was  detected  until  the  fourteenth  day. 

Brieger  has  further  remarked  that  highly  poisonous  ptomaines 
are  never  formed  during  the  earlier  stages  of  the  putrefaction  of 
human  organs.  The  formation  of  a  highly  toxic  ptomaine 
corresponds  with  the  disappearance  of  the  choline.  Trimethyl- 
amine appears  at  about  the  same  time,  being  probably  a 
product  of  the  decomposition  of  the  choline,  and  possibly  also  of 
the  neuridine. 

After  the  formation  of  neuridine  the  isomeric  base  cada- 
verine  appears,  and  continues  to  augment  throughout  the  putre- 
faction, while  a  second  isomer,  saprine,  and  the  bases  putres- 
•cine  and  mydaleine  also  make  their  appearance. 

The  three  isomeric  ptomaines,  cadaverine,  putrescine,  and  sap- 
rine, are  not  poisonous,  but  mydaleine,  the  chloroplatinate  of 
which  contains  C,  10'83;  H,  3'23 ;  and  Pt,  3 8 '7 4  per  cent.,  is  a 
very  poisonous  diamine. 

All  these  four  bases  have  been  detected  in  human  corpses. 
Along  with  them  has  been  found  another  highly  poisonous 
ptomaine,  the  chloroplatinate  of  which  contains  41*30  per  cent,  of 

1  The  body  formulated  in  the  text  has  the  constitution  of  a  distearin- 
lecithin ;  but  analogous  bodies  have  been  isolated  containing  an  oleic  and 
palmitic  radical  in  the  same  molecule,  instead  of  two  stearyl  groups  (see 
page  242). 

2  The  quantity  of  neuridine  formed  appears  to  depend  on  the  nature  of  the 
organs  undergoing  putrefaction,  it  being  produced  most  abundantly  by  the 
intestines  and  glandular  organs,  and  only  in  very  small  amount  by  the  liver 
And  spleen. 
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Pt,  while  a  second,  apparently  innocuous,  which  boils  at  284°  C.r 
remains  in  the  mother-liquors. 

It  appears  from  Brieger's  researches  that  the  same  species  of 
bacteria  give  different  products,  according  to  the  soil  in  which 
they  are  cultivated.  Neurine  is  the  leading  ptomaine  produced 
by  the  bacterial  fermentation  of  the  flesh  of  mammals,  while  in 
examining  putrefying  fish,  Brieger  met  with  a  base  having 
the  same  composition  and  physiological  action  as  muscarine, 
C5H15N03,  or  oxyneurine  (page  245).  The  putrefaction  of  cheese 
yielded  neuridine ;  that  of  glue  gave  neuridine,  a  base  allied  ta- 
muscarine,  and  isophenylethylamine. 

The  bacillus  to  which  Eberth  attributes  typhoid  fever  is  not 
produced  in  putrefaction ;  but  there  are  found  in  the  evacuations 
traces  of  a  base  which  dilates  the  pupil,  produces  diarrhoea,  and  is 
rapidly  fatal  to  animals. 

The  study  of  the  ptomaines  is  seriously  complicated  by  the  fact 
that  many  of  the  bodies  described  have  been  isolated  by  medical 
men  using  empirical  methods  and  having  neither  the  time  nor  the 
capacity  to  make  a  thorough  examination  of  the  bases  obtained,  or 
to  compare  them  with  similar  products  described  by  other  ob- 
servers. Hence  it  is  probable  that  many  of  the  ptomaines  which 
have  been  described  and  regarded  as  definite  individuals  are  in 
reality  impure  known  products  or  mixtures  of  two  or  more  such 
bodies. 

POISONOUS  FOOD. — As  ptomaines,  some  of  which  are  toxic,  are 
frequently  formed  in  the  putrefaction  of  proteids,  they  are  liable 
to  exist  in  decomposing  food.  Some  of  the  most  violent  attacks 
of  ptomainic  poisoning  on  record  have  resulted  from  partaking  of 
food  in  which  the  putrefactive  change  was  so  slight  as  not  to 
attract  attention  in  any  way. 

The  symptoms  resulting  from  eating  poisonous  food  usually 
commence  with  nausea,  vomiting,  pain  in  the  abdominal  region, 
and  diarrhoea,  the  motions  being  frequently  of  an  offensive 
character.  The  nervous  symptoms  are  commonly  faintness,  mus- 
cular weakness,  prostration,  and  sometimes  spasms ;  followed  by 
fever,  headache,  and  thirst.  Cramps,  clonic  spasms,  dilatation  of 
the  pupil,  and  disturbance  of  vision,  with  drowsiness  and  occa- 
sionally coma,  are  also  observed.  The  post-mortem  appearances 
are  similar  to  those  produced  by  mineral  irritant  poisons.  The 
effects  of  ordinary  poisons  are  commonly  manifested  within  three 
or  four  hours  after  partaking  of  the  poisoned  food,  and  often  in  a 
much  shorter  time ;  the  symptoms  of  ptomainic  poisoning  rarely 
become  fully  developed  in  less  than  six  to  eight  hours,  and  in 
some  cases  are  much  longer  delayed.  But  in  such  cases  the  delay 
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is  probably  due  to  the  time  required  for  the  multiplication  of  the 
micro-organisms,  and  points  to  the  great  probability  of  the  toxic 
ptomaine  which  they  produce  being  formed  after  the  food  was 
ingested. 

Detection  and  Isolation  of  Ptomaines. 

The  following  description  of  the  physical  and  chemical  characters 
of  ptomaines  is  compiled  from  the  works  of  Brieger  and  others, 
but  it  must  be  borne  in  mind  that  no  statements  can  be  generally 
true  of  bodies  of  such  diverse  nature. 

In  their  physical  and  chemical  characters  the  ptomaines  present 
a  close  general  resemblance  to  the  plant-bases ;  and,  like  these, 
may  be  differentiated  into  volatile,  liquid,  oxygen-free  bases,  and 
non-volatile,  solid,  oxygenated  bases. 

The  liquid  ptomaines  have  a  penetrating  and  persistent  odour, 
which  is  often  nauseous  or  cadaveric.  In  other  cases,  their  odour 
recalls  that  of  seringa,  hawthorn,  or  musk.  This  smell  is  so  per- 
sistent that  Gautier  observed  it  in  products  of  ancient  putrefactions, 
transformed  into  guano  -and  calcium  phosphate,  met  with  in  a 
bone-cavern  of  the  Stone  Age.  All  the  liquid  ptomaines  are  soluble 
in  ether-alcohol,  and  some  of  them  in  chloroform  and  amylic 
alcohol. 

The  solid  ptomaines  are  generally  crystallisable,  colourless,  very 
soluble  in  water,  but  insoluble  in  alcohol,  chloroform,  or  benzene. 
In  presence  of  impurities  these  characters  are  susceptible  of  con- 
siderable variation. 

Many  of  the  ptomaines  are  powerful  bases,  having  a  strong 
alkaline  reaction,  neutralising  acids  perfectly  to  form  well-defined 
salts,  and  in  some  cases  even  absorb  carbon  dioxide  from  the  air. 
In  many  cases  they  yield  striking  colour-reactions. 

Many  of  the  ptomaines  are  very  unstable  and  susceptible  of 
oxidation,  so  that  the  evaporation  of  solutions  containing  them 
should,  as  far  as  possible,  be  conducted  in  vacuo,  and  at  a  tempera- 
ture not  exceeding  40°  to  50°  C. 

As  a  consequence  of  their  proneness  to  undergo  oxidation,  many 
ptomaines  reduce,  either  in  the  cold  or  on  heating,  auric  chloride, 
platinic  chloride  (used  in  excess),  silver  nitrate,  ferric  chloride, 
iodic  acid,  chromic  acid,  &c. 

The  ptomaines  yield  precipitates  with  the  majority  of  the  general 
reagents  for  alkaloids,  but  the  reactions  are  rarely  characteristic. 

"With  platinic  chloride  the  hydrochlorides  of  the  ptomaines 
usually  yield  soluble  chloroplatinates,  which  are  very  frequently 
crystallisable.  An  excess  of  the  reagent  in  many  cases  decom- 
poses them. 
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Mercuric  chloride  precipitates  most  of  the  ptomaines  from 
sufficiently-concentrated  aqueous  solutions,  and  more  generally  and 
perfectly  from  alcoholic  solutions.  The  compounds  formed  may 
be  crystallised  from  their  solutions  in  boiling  water. 

Most  ptomaines  yield  soluble  salts  with  auric  chloride,  or  else 
produce  precipitates  soluble  in  boiling  water,  which  are  readily 
decomposed  with  separation  of  metallic  gold. 

Picric  acid  and  tannin  yield  insoluble  or  sparingly  soluble  pre- 
cipitates with  the  majority  of  ptomaines. 

Phospho-molybdic  acid  is  the  only  reagent  which  has  been  found 
to  precipitate  all  the  ptomaines  without  exception. 

Selmi  (1878)  has  described  the  following  colour-reactions  of 
ptomaines,  but  it  is  doubtful  how  far  the  effects  observed  are 
attributable  to  impurities,  and  how  far  the  reactions  are  common 
to  all  ptomaines : — Concentrated  sulphuric  acid,  when  added 
cautiously  to  a  ptomaine,  produces  a  violet-red  coloration.  Hy- 
drochloric acid  (preferably  mixed  with  a  little  sulphuric  acid) 
gives  a  violet-red  colour,  which  becomes  more  pronounced  on 
heating.  When  a  ptomaine  is  heated  for  some  time  with  nitric 
acid,  and  excess  of  caustic  potash  then  added,  a  fine  golden- 
yellow  coloration  is  produced.  Some  ptomaines  give  with  iodic 
acid  a  reaction  similar  to  that  of  morphine  (Part  ii.  page  318). 

Various  attempts  have  been  made  to  establish  some  sharp  dis- 
tinction between  ptomaines  and  plant-bases,  but  hitherto  without 
success.1  Many  of  the  vegetable  alkaloids  are  optically  active, 
which  the  ptomaines,  as  a  rule,  are  not,  but  the  quantity  of  the 
material  ordinarily  available  for  experiment  is  quite  insufficient  to 
render  such  a  character  of  practical  value.  Many  of  the  ptomaines 
are  powerful  reducing  agents,  and  Brouardel  and  Boutmy 
(1881)  proposed  to  distinguish  them  by  the  immediate  reducing 
action  they  exerted  on  a  mixture  of  potassium  ferricyanide  and 
ferric  chloride  solutions,  with  formation  of  prussian  blue.  But 
Brieger  found  that  immediate  reduction  of  the  reagent,  with 
production  of  a  blue  colour,  was  produced  by  cadaverine,  saprine, 
mydaleine,  and  certain  other  ptomaines;  but  not  by  neuridine, 
putrescine,  or  choline.  On  the  other  hand,  of  the  vegetable 
alkaloids,  morphine,  veratrine,  and  colchicine  immediately  reduce 
the  reagent,  while  a  blue  coloration  is  developed  slowly  and  feebly 
in  presence  of  aconitine,  brucine,  codeine,  conine,  narceine,  nico- 
tine, papaverine,  strychnine,  &c. 

1  It  is  not  to  be  expected  that  a  class  of  bodies  of  such  varying  characters 
as  the  plant-bases  should  exhibit  any  one  marked  feature  of  distinction  from 
the  ptomaines,  which  are  themselves  equally  diverse  in  characters  and  con- 
stitution. 
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For  the  extraction  of  ptomaines  from  animal  matters,  methods 
are  employed  closely  resembling  those  used  for  the  isolation  of  the 
vegetable  alkaloids  (Vol.  iii.  Part  ii.),  the  modification  of  the  Stas- 
Otto  process  used  for  the  separation  of  strychnine  being  especially 
suitable.  But  all  evaporations  should  be  conducted  at  as  low  a 
temperature  as  possible,  and  the  solvents  should  have  been  pre- 
viously treated  with  a  little  hydrochloric  acid,  and  redistilled  to 
separate  traces  of  pyridine  or  other  bases  which  might  otherwise 
be  mistaken  for  ptomaines.  This  is  specially  important  in  the 
case  of  amylic  alcohol,  which  is  very  liable  to  contain  traces  of 
volatile  bases,  and  there  is  no  doubt  that  these  have  been  mis- 
taken for  ptomaines  extracted  from  the  animal  matters  under 
treatment. 

The  methods  of  isolating  the  ptomaines  of  the  neuridine  class 
are  described  under  "  Diamine-ptomaines  "  (pages  334,  336,  340). 

Gautier  recommends  the  following  process  for  the  isolation 
of  the  volatile  ptomaines  with  which  his  name  is  so  closely  asso- 
ciated : — The  liquid  to  be  examined  is  rendered  distinctly  acid 
with  oxalic  acid,  warmed,  filtered,  and  distilled  in  a  vacuum.  The 
distillate  will  contain  any  volatile  fatty  acids,  phenols,  pyrrol, 
indole,  and  skatole.  The  residue  in  the  retort  is  treated  with  a 
moderate  excess  of  milk  of  lime,  filtered,  and  distilled  in  a  vacuum, 
the  distillate  being  received  in  dilute  sulphuric  acid.  The  dis- 
tillate is  rendered  exactly  neutral  by  ammonia,  evaporated  nearly 
to  dryness,  and  the  crystals  of  ammonium  sulphate,  &c.,  which 
form,  separated  from  the  mother-liquor.  This  is  further  concen- 
trated, treated  with  absolute  alcohol,  and  the  liquid,  which 
contains  in  solution  any  ptomaines  as  sulphates,  is  filtered  and 
evaporated  to  a  small  bulk..  The  residual  liquid  is  treated  with 
caustic  soda,  and  the  bases  extracted  by  agitating  it  successively 
with  ether,  petroleum-ether,  and  chloroform. 

Owing  to  the  close  similarity  in  properties  between  the  ptomaines 
and  plant-bases,  great  difficulty  sometimes  exists  in  distinguishing 
with  certainty  the  origin  of  an  alkaloidal  body  extracted  from 
putrefying  material.  In  toxicological  inquiries  this  difficulty 
becomes  of  the  first  importance,  though  it  is  liable  to  great 
exaggeration  by  those  interested  in  proving  the  innocence  of  per- 
sons accused  of  committing  murder  by  poisoning.  But  in  several 
authentic  cases  on  record,  ptomaines  produced  by  putrefactive 
decomposition  after  death  have  undoubtedly  been  mistaken  for 
poisonous  vegetable  alkaloids  administered  during  life,  and  hence 
too  great  care  cannot  be  taken  by  the  toxicologist  to  exclude  from 
.analytical  operations  processes  by  which  ptomaines  might  be 
formed,  and  to  identify  the  alkaloidal  substance  extracted  in  every 
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way  in  his  power.  The  formation  of  ptomaines  may  be  prevented 
by  immersing  the  animal  tissues  to  be  examined  in  alcohol,  which 
prevents  putrefactive  decomposition  without  interfering  with  the 
subsequent  examination  for  alkaloids.  According  to  Coppola  the 
formation  of  ptomaines  is  caused  or  promoted  by  digesting  animal 
matters  with  acids,  especially  when  the  mixtures  are  acidulated 
with  sulphuric  acid.  In  practice,  there  is  never  any  occasion  to 
use  such  a  reagent,  acetic  acid  being  free  from  the  same  objection, 
and  more  suitable  in  other  respects. 

Of  the  ptomaines  formed  in  corpses,  and  therefore  likely  in 
practice  to  be  mistaken  for  vegetable  alkaloids,  by  far  the  greater 
number  were  discovered  by  Selmi.  These,  with  others,  have 
been  classified  by  Husemann  in  the  following  five  groups, 
according  to  their  behaviour  with  solvents: — 

1 .  Ptomaines  icliich  are  extracted  by  ether  from  acid  solutions. — 
Selmi    isolated  the    bases    of    this    group  from    corpses.     Their 
behaviour  toward   tannic  acid,  iodised  iodide  of    potassium,  and 
auric  chloride  was  similar  to  that  of  the  natural  vegetable  alkaloids. 
Mercuric  chloride  gave  no  precipitate. 

On  evaporating  two  or  three  drops  of  the  aqueous  solution,  the 
addition  of  three  drops  of  hydrochloric  acid  arid  one  drop  of  sul- 
phuric acid  produced,  on  warming,  a  beautiful  violet  colour.  Nitric 
acid  coloured  it  yellow.  Ptomaines  of  this  class  may  be  mistaken 
for  digitalin,  which  is  also  taken  up  by  ether  from  acid  solutions. 
But,  according  to  Selmi,  no  ptomaine  which  is  extracted  from  acid 
solutions  by  ether  will  give  the  characteristic  reaction  of  digitalin 
with  bromine  arid  sulphuric  acid. 

2.  Ptomaines  which  are  extracted  by  ether  from  alkaline  solu- 
tions.— According  to  Selmi,  the  ptomaines  belonging  to  this  group 
give    various    colour-reactions,    and    they    form    crystalline    salts. 
When    subjected    to  physiological   tests,  they    generally  occasion 
dilation  of  the  pupil  of  the  eye,  and  as  a  rule  a  diminution  of 
the    frequency  of   respiration.     Most  of   these  ptomaines    reduce 
iodic  acid  like  morphine,  and  give  with  phospho-molybdic  acid  at 
first  a  violet  and  afterwards  a  blue  coloration.     They  reduce  auric 
chloride  and  a  mixture  of  potassium  dichromate  with  sulphuric  acid. 
Most    of    the    ptomaines    of    this  group    are  not   precipitated  by 
platinic  chloride.     They  include  the  greater  number  of  cadaveric 
alkaloids. 

3.  Ptomaines  not  soluble  in  ether  but  soluble  in  chloroform,  as 
obtained  from  alkaline  solutions. — Selmi  described   the   bases    of 
this  group  as  possessing  a  strong  alkaline  reaction,  having  a  pun- 
gent, more  or   less  bitter  taste,  and  readily  decomposing  on  the 
evaporation  of  their  chloroformic  solution,  even  at  a  low  tempera- 
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ture,  the  residue  becoming  partly  insoluble  in  chloroform.  All  of 
the  bases  of  this  group  reduce  iodic  acid,  and  frequently  form 
crystalline  compounds  with  iodised  potassium  iodide.  They  give 
red  colorations  with  sulphuric  acid,  and  similar  reactions  with 
Frohde's  test. 

4.  Ptomaines  insoluble  in  ether  and  in  chloroform,  but  which 
are  readily  extracted  from  alkaline  solution  by  amylic  alcohol.     Of 
these  bases  Selmi  has  observed  several,  one  not  poisonous,  the 
others  poisonous.     He  mentions  an  instance  where  he  obtained  a 
ptomaine  which  formed  long  needle-shaped  crystals  with  hydriodic 
acid.    Another  illustration  is  given  by  F  e  1  e  s  a  r,  who,  in  the  judicial 
investigation  of   a   corpse,  extracted  a  base  by  means  of  amylic 
alcohol  which  did  not   reduce    iodic    acid    and  gave  no    colour- 
reaction  with  the  usual  tests  for  plant-bases. 

Amylic  alcohol  removes  morphine  from  alkaline  solutions  after 
their  extraction  with  ether  and  chloroform,  and  hence  may  be 
referred  to  group  four.  There  are  comparatively  few  ptomaines 
belonging  to  this  group,  and  these  do  not  exhibit  many  of  the 
reactions  belonging  to  morphine,  and  are  frequently  entirely 
absent.  The  colour-reactions  for  morphine  are  many  and  well- 
established,  and  no  cadaveric  alkaloid  simulates  all  of  them  (Part 
ii.  pp.  303,  313). 

5.  Ptomaines  which  are  not  extracted  either  by  ether,  chloroform, 
or  amylic  alcohol. — These  bases  are  very  soluble  in  water,  and  almost 
tasteless.     They  give  no  colour-reaction  with  sulphuric  acid,  and 
are    not    precipitated    by   mercuric    chloride,    auric    chloride,    or 
hydriodic  acid. 

Classification  of  Ptomaines. 

The  known  ptomaines  are  so  numerous  and  of  such  varied  con- 
stitution that  it  is  impractical,  as  it  is  unscientific,  to  attempt  to- 
discover  any  characters  or  reactions  common  to  all  except  those 
inseparable  from  their  basic  nature.  A  more  promising  method 
is  to  classify  them  as  far  as  possible  according  to  their  chemical 
constitution,  placing  in  a  group  apart  those  of  which  the  constitu- 
tion is  still  unknown ;  and  then,  as  more  accurate  knowledge  is 
obtained  concerning  the  latter,  to  transfer  them  to  their  proper 
classes,  or  create  new  classes  as  occasion  may  arise.  Proceeding  on 
this  plan,  the  ptomaines  of  which  the  constitution  is  known  may 
be  conveniently  grouped  as  in  the  following  table  (pages  332,  333). 

Further  information  respecting  some  of  these  ptomaines  will  be 
found  under  their  respective  heads,  while  a  more  detailed  descrip- 
tion of  the  ptomaines  which  remain  unclassified,  and  hence  do- 
not  appear  in  the  table,  is  given  in  the  sequel. 
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Diamine  Ptomaines. 

Some  of  the  most  characteristic  of  the  bases  produced  during 
putrefactive  change  have  the  constitution  of  di  amines.  Thus 
among  the  products  of  putrefaction  there  have  been  observed  :  — 

Ethidene-diamine,1        .       H2KCH(CH3).NH2 
Ethylene-diamine  (page    | 
194^      .         m         - 

DiethyJene-diamineCpage  J 

Dimethyl-ethylene-dia-     )  (CH  )HN.C2H..NH(CH3) 

mine  (putrescme),          j  v 
Trimethylene-diamine,2        H2KCH2.CH2.CH2NH2 


H2N.CH,CH,CH,CH,CH,NH2 
Hexaniethylene-diamine,      H2KCH2.CH2.CH2.CH2.CH2.CH2.NH2 

In  addition  to  these  diamines,  neuridine  and  several  other 
important  ptomaines  belong  to  the  same  class,  but  their  constitu- 
tion is  not  exactly  known.  Meta-phenylenediamine  and  para-; 
phenylenediamine  are  not  known  to  be  natural  products,  but  are 
closely  related  to  the  diamine-ptomaines.3  They  have  already  been 
described  (Part  ii.). 

Von  Udranszky  and  Baumann  have  observed  (Ber.,  xxi. 
2744)  that  when  a  dilute  aqueous  solution  of  a  fatty  diamine  is 
shaken  with  benzoyl  chloride  and  caustic  soda,  the  diamine  is 
almost  completely  converted  into  an  insoluble  dibenzoyl-derivative, 
which  is  easily  separated  from  benzamide  and  other  nitrogenous 
products  by  dissolving  the  precipitate  in  alcohol  and  pouring  the 
solution  into  a  large  volume  of  water,  which  retains  the  benzamide 
in  solution.  After  standing  for  a  short  time,  the  dibenzoyl-derivaj 
tive  crystallises  from  the  solution.  The  monobenzoyl-derivatives 

1  ETHIDENE-DIAMINE,   isomeric  with    ethylene-diamine,   was  found    by 
Brieger  in  putrid  haddock,  together  with  neuridine,  gadinine,  muscarine, 
and  trimethylamine.     It  differs  from  ethylene-diamine  in  being  poisonous, 
and  in  forming  platinum  and  gold  salts  which  are  more  soluble  than  the 
corresponding  compounds  of  ethylene-diamine.     When  injected  subcutan- 
eously,  ethidene-diamine  occasions  in  guinea-pigs  abundant  secretion  from  the 
mucous  membranes,  and  dilation  of  the  pupil.     The  eyeballs  dilate,  there  is 
acute  dyspnoea,  and  death  ensues  with  stoppage  of  the  heart  in  diastole. 

2  Said  to  have  been  isolated  by  Brieger,  from  cultivations  of  the  comma- 
"bacillus  in  beef-broth. 

3  In  the  decomposition  of  albumin  by  acids,  alkalies,  or  soluble  ferments  no 
diamines  are  formed,  these  bases  being  strictly  characteristic  of  bacterial 
decomposition  of  proteid  matter. 
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tare  not  formed  in  this  reaction.  A  distinct  precipitate  is  obtained 
when  a  solution  of  0'005  gramme  of  ethylamine-diamine  hydrate 
in  100  c.c.  of  water  is  mixed  with  a  few  drops  of  the  reagent, 
and  a  solution  containing  0*053  gramme  in  100  c.c.  of  water 
gave  0'133  gramme  of  the  pure  dibenzoyl-derivative.  Tetra- 
methylene-diamine  and  pentamethylene-diamine  are  precipitated 
from  dilute  solutions  even  more  completely  than  ethylene-diamine, 
and  the  dibenzoyl-derivatives  can  be  obtained  quite  pure  by 
crystallising  them  from  alcohol  or  ether.  A  solution  of  0'0079 
gramme  of  pentamethylene-diamine  in  100  c.c.  of  water  gave 
0'0218  gramme  of  the  dibenzoyl-derivative  when  shaken  with  5 
<j.c.  of  benzoyl  chloride  and  40  c.c.  of  a  10  per  cent,  solution  of 
caustic  soda,  and  left  for  twenty-four  hours.  In  a  second  similar 
experiment,  only  0*0142  of  the  derivative  was  obtained,  so  that 
the  quantitative  results  have  but  little  value.  By  the  above  means, 
v.  Udranszky  and  Baumann  isolated  from  the  urine  of  a  patient, 
suffering  from  cystinuria  and  inflammation  of  the  bladder,  penta- 
methylene-diamine ("  cadaverine"),  tetramethylene-diamirie  ("pu- 
trescine  "),  and  a  diamine  forming  a  chloroplatinate  more  soluble 
than  that  of  pentamethylene-diamine.  A  mixture  of  diamines, 
in  which  tetramethylene-diamine  predominated,  was  also  obtained 
from  the  faeces  of  the  patient.1  Cystin  was  also  almost  invari- 
ably found  in  the  urine,  and  it  is  probable  that  the  amounts  of 
diamines  and  of  cystin  are  in  some  way  related.  Normal  urine  and 
normal  faeces  contain  no  trace  of  diamines.2 

A.  Garcia  (Zeit.  physiol.  Chem.,  xvii.  543,  571)  has  applied 
the  benzoyl  chloride  reaction  to  the  examination  of  the  ptomaines 
formed  in  putrefying  mixtures  of  horse-flesh  and  pancreas.  He 
states  that  the  production  of  putrescine,  cadaverine,  and  hexa- 
methylene-diamine  is  an  early  phenomenon  in  such  putrefying 
mixtures  at  a  favourable  temperature.  It  reaches  its  highest 
point  in  about  three  days,  and  the  three  diamines  named  are  pro- 
duced in  the  same  proportion  throughout.  In  cystinuria,  tetra- 
methylene-diamine only  is  produced  in  the  later  stages.  Infec- 

1  The  benzoyl-compounds  may  be  differentiated  by  recrystallising  them  from 
alcohol,  and  observing  their  melting-points  and  comparative  solubilities  in 
alcohol  and  ether  (see  page  340). 

2  Baumann  has  also  suggested  the  use  of  benzoyl  chloride  for  the  precipi- 
tation of  carbohydrates,  and  Wedensky  has  applied  the  reaction  to  the 
detection  of  traces  of  glucose  and  other  carbohydrates  in  normal  urine. 
Thudichum  states  that  the  colouring  matter  of  urine  is  also  precipitated  by 
benzoyl  chloride.     It  appears  possible  that  some  confusion  might  occur 
between  a  precipitate  due  to  carbohydrates  or  urinary  colouring  matter  and 
one  produced  by  diamines. 


336  ISOLATION  OF  DIAMINES. 

tion  of  nutritive  media  with  the  faeces  of  such  patients  causes  the 
appearance  of  ptomaines. 

For  the  isolation  of  ptomaines  of  the  neuridine  class  (diamines)- 
Brieger  recommends  the  following  method,  in  place  of  others 
previously  described  by  him : — The  putrefying  substance  is  treated 
cautiously  with  hydrochloric  acid,  which  if  not  used  in  too  great 
excess  appears  to  increase  the  stability  of  the  diamine-ptomaines. 
The  mixture  is  brought  to  a  syrupy  consistence,  and  then  treated 
with  absolute  alcohol.  The  strained  or  filtered  liquid  is  evaporated 
at  a  low  temperature,  and  the  residue  taken  up  with  a  fresh  quantity 
of  absolute  alcohol.  This  solution  is  filtered  and  treated  with 
excess  of  an  alcoholic  solution  of  mercuric  chloride,  and  allowed  to 
stand  for  twenty-four  hours.  The  precipitate  is  separated  by 
filtration  and  treated  with  a  large  quantity  of  boiling  water,  and 
the  liquid  filtered.  The  mercury  compounds  of  peptones  and 
albuminates  are  left  insoluble,  while  those  of  the  ptomaines  will 
be  found  in  the  filtrate.  The  mercury  is  precipitated  from  the- 
solution  by  sulphuretted  hydrogen,  when  the  filtered  liquid  will 
contain  the  hydrochlorides  of  the  diamines  in  a  tolerably  pure  state. 

For  the  i\w\h&c  purification  of  the  diamine-ptomaines,  the  liquid 
should  be  made  neutral  to  litmus  by  careful  addition  of  soda, 
concentrated  to  a  syrup,  and  treated  with  strong  alcohol  to  pre- 
cipitate inorganic  matters,  &c.  The  alcoholic  extract  is  filtered, 
evaporated,  dissolved  in  a  little  water,  neutralised  with  soda, 
acidulated  with  nitric  acid,  and  precipitated  with  phospho-molyb- 
dic  acid.  The  precipitate  is  separated,  and  decomposed  by  careful 
heating  with  neutral  lead  acetate.  The  filtrate  is  treated  with 
sulphuretted  hydrogen  to  remove  the  excess  of  lead,  and  evaporated 
to  a  syrup,  when  the  hydrochlorides  of  the  ptomaines  will  be 
obtained  in  a  fairly  pure  state,  and  can  be  converted  into  picrates 
or  the  platinum  or  gold  salts  of  the  bases.1 

For  the  separation  of  bases  of  the  neuridine  group,  Brieger 
precipitates  them  as  mercuri-chlorides,  and  then  has  recourse  to 
differences  in  the  solubility  of  their  compounds. 

Neuridine  may  be  precipitated  as  the  picrate,  which  is  a  com- 
pound insoluble  in  cold  water,  but  soluble  on  heating. 

1  "  Considerable  difficulty  in  the  purification  of  the  ptomaines  is  caused  by 
a  nitrogenous,  amorphous,  non-poisonous,  albumin -like  substance,  which 
passes  into  all  solutions,  and  can  only  be  got  rid  of  by  careful  precipitation 
with  an  alcoholic  solution  of  lead  acetate,  in  excess  of  which  reagent  the  pre- 
cipitate is  soluble.  This  albuminoid  forms  an  amorphous  compound  with 
platinum,  and  acts  as  a  strong  reducing  agent  (the  platinum  compound  con- 
tains 29  per  cent,  of  platinum).  When  this  albuminoid  is  eliminated,  the 
hydrochlorates  or  the  double  salts  of  the  ptomaines  crystallise." — B  r  i  e  g  e  r. 
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Putrescine  aurichloride  is  very  slightly  soluble  in  water.  The 
hydrochloride  crystallises  very  readily  in  needles  from  its  solution 
in  rectified  spirit. 

Cadaverine  aurichloride  is  very  soluble.  The  platinum  salt 
crystallises  well  and  is  only  very  slightly  soluble.  Saprine  chloro- 
platinate  is  soluble  in  water. 

Mydaleine  hydrochloride  is  extremely  soluble,  and  remains  in 
the  alcoholic  mother-liquors  from  which  the  hydrochlorides  of  the 
other  bases  have  been  crystallised. 

The  reduction  of  a  mixture  of  ferric  chloride  and  potassium 
ferricyanide,  supposed  by  Brouardel  and  Boutmy  to  be  a  reaction 
characteristic  of  ptomaines,  is  not  yielded  by  choline,  neuridine, 
putrescine,  or  saprine. 

The  differing  solubilities  of  the  dibenzoyl-derivatives  may  be 
advantageously  employed  for  the  separation  of  cadaverine  and 
putrescine  (page  340). 

NEURIDINE,  C5H14N2,  is  a  diamine  of  unknown  constitution, 
isomeric  with  cadaverine  and  saprine.  It  was  discovered 
by  Brieger  in  1884,  in  the  products  of  the  putrefaction  of  the 
flesh  of  mammals,  fish,  cheese,  and  gelatin.  It  has  also  been 
found  in  various  organs  of  the  human  body,  among  others  in  fresh 
brains. 

Neuridine  appears  to  be  one  of  the  most  constant  products  of 
the  putrefaction  of  albuminoid  substances.  Its  formation  has 
been  observed  in  the  putrefaction  of  yolk  of  egg,  gelatin,  fish,  horse- 
flesh, &c.  It  is  generally  accompanied  by  choline,  appearing 
about  the  second  or  third  day,  and  being  still  recognisable  until 
the  fourteenth  (compare  page  325). 

Brieger  recommends  the  following  method  for  the  preparation 
of  neuridine  : — Finely  chopped  flesh  is  treated  with  some  water, 
and  the  mixture  allowed  to  putrefy  for  five  or  six  days  at  a  tem- 
perature of  about  40°  C.  The  liquid  is  then  separated  from  the 
solid  matters  by  pressure,  boiled,  and  filtered.  The  filtrate  is 
saturated,  after  cooling,  with  mercuric  chloride,  which  precipitates 
the  neuridine,  while  certain  other  ptomaines  remain  in  solution. 
The  precipitate  is  filtered  off,  washed,  suspended  in  water,  and 
decomposed  by  sulphuretted  hydrogen.  The  liquid,  filtered  from 
the  mercuric  sulphide,  is  concentrated  on  the  water-bath,  until  it 
deposits, on  cooling,  fine  needles  of  neuridine  hydrochloride, 
which  may  be  purified  by  repeated  crystallisation  from  hot  dilute 
alcohol. 

The  following  alternative  method  for  the  isolation  of  neuridine 
was  employed  by  Brieger  in  his  earlier  researches.  It  is  of 
interest  from  its  general  applicability  to  the  isolation  of  analogous 
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ptomaines,  and  from  the  light  it  affords  of  the  behaviour  of  neuri- 
dine  to  solvents  and  reagents : — The  liquid  obtained  by  treating 
the  putrefying  animal  matters  with  water  is  strained,  boiled, 
filtered,  precipitated  with  lead  acetate,  and  the  excess  of  lead 
removed  by  sulphuretted  hydrogen.  The  liquid  thus  clarified  is 
evaporated  to  a  syrup  and  exhausted  with  aniylic  alcohol.  The 
extract  is  treated  several  times  with  water  and  evaporated,  then 
strongly  acidulated  with  sulphuric  acid,  and  agitated  repeatedly 
with  ether  to  extract  hydroxy-acids  of  the  aromatic  series.  It  is 
next  concentrated  to  one-fourth  of  its  volume  to  evaporate  volatile 
fatty  acids.  The  sulphuric  acid  is  then  removed  by  baryta,  the 
excess  of  baryta  by  carbon  dioxide,  and  the  liquid  then  heated  for 
some  time  on  the  water-bath.  After  cooling,  the  liquid  is  saturated 
with  mercuric  chloride,  the  precipitate  carefully  washed  and  de- 
composed with  sulphuretted  hydrogen.  On  concentrating  the 
liquid,  crystals  of  inorganic  compounds  are  first  deposited.  These 
are  filtered  off  and  washed  with  absolute  alcohol.  The  filtrate 
and  washings,  when  further  concentrated,  deposit  large  needles  of 
neuridine  hydrochloride. 

Free  neuridine  is  a  gelatinous  substance,  having  a  strong  odour 
resembling  that  of  semen.  It  is  very  readily  soluble  in  water,  but 
is  insoluble  in  absolute  alcohol  and  in  ether,  and  is  not  readily 
soluble  in  amylic  alcohol.  When  boiled  with  caustic  soda,  it  is 
decomposed  with  formation  of  di-  and  tri-methylamine. 

When  mixed  with  other  matters  of  putrefactive  origin,  neuridine 
is  said  to  possess  poisonous  characters  allied  to  those  of  pepto- 
toxine  ;  but  pure  neuridine  is  stated  by  Brieger  to  be  perfectly 
innocuous. 

Neuridine  hydrochloride,  C5H14N2,2HC1,  crystallises  in  long 
needles  extremely  soluble  in  water  and  dilute  alcohol,  but  in  the 
pure  state  the  salt  is  insoluble  in  absolute  alcohol,  amylic  alcohol, 
ether,  chloroform,  benzene,  or  petroleum  spirit.  Its  behaviour 
with  solvents  is  gravely  modified  by  the  presence  of  other  animal 
matters,  and  hence,  in  extracting  acid  liquids  containing  these  by 
various  immiscible  solvents,  the  neuridine  hydrochloride  is  dissolved 
more  or  less  completely.  This  behaviour  is  the  more  important 
since  neuridine  appears  to  occur  very  generally  in  animal  tissues, 
and  not  improbably  plays  a  leading  part  in  nutritive  changes. 

When  heated,  neuridine  hydrochloride  sublimes  in  needles, 
which  have  a  red  or  blue  colour  owing  to  partial  decomposition. 

A  solution  of  neuridine  hydrochloride  reacts  with  many  of  the 
general  reagents  for  alkaloids.  With  picric  acid  it  yields  gradually  a 
precipitate  which  rapidly  assumes  the  form  of  fine  yellow  needles, 
which  decompose  without  previous  fusion  at  about  230°  C.  With. 
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phospho-tungstic  acid  it  yields  a  white,  amorphous  precipitate, 
soluble  in  excess  of  the  reagent ;  and  with  phospho-molybdic  acid 
a  white,  crystalline  precipitate.  Potassio-iodide  of  bismuth  pro- 
duces a  red,  amorphous  precipitate.  B,H2PtCl6  crystallises  in  flat 
needles,  and  is  precipitated  from  its  aqueous  solution  by  addition 
of  alcohol.  The  aurichloride  is  said  to  contain  B,(HCl)2,2AuCl3, 
which  corresponds  to  41 '19  per  cent,  of  gold.  It  crystallises  in 
bunches  of  yellow  needles,  sparingly  soluble  in  cold  water.  With 
mercuric  chloride,1  Mayer's  reagent,  potassio-iodide  of  cadmium, 
iodised  potassium  iodide,  hydriodic  acid,  tannic  acid,  Fronde's 
reagent,  and  a  mixture  of  potassium  ferricyanide  and  ferric 
•chloride,  neuridine  gives  negative  reactions. 

CADAVERINE,  C5H14N2,  i.e.,  NH2.(CH2)5.NH2,  is  isomeric  with 
neuridine,  but  has  the  constitution  of  a  pentamethylene- 
diamine.  It  has  been  produced  synthetically,  and  is  formed 
like  neuridine  in  the  bacterial  decomposition  of  albuminous  matters, 
but  makes  its  appearance  at  a  later  stage  of  the  putrefaction.  It 
has  been  found  in  the  urine  and  faeces  in  cases  of  cystinuria,  and 
has  been  isolated  (by  the  benzoyl  chloride  method)  from  the  faeces 
of  a  person  suffering  from  tertian  ague. 

Cadaverine  may  be  isolated  by  the  same  means  as  neuridine, 
but  is  extremely  difficult  to  obtain  pure.  The  pure  base  is 
described  as  a  clear,  syrupy  liquid,  having  an  odour  at  once 
resembling  that  of  mice  and  of  semen,  whence  it  has  been  called 
"  cadaveric  conine."  When  dehydrated  by  contact  with  caustic 
potash,  cadaverine  boils  between  115°  and  120°  C.  It  volatilises 
with  steam,  and  may  be  distilled  unchanged  in  presence  of  caustic 
alkalies. 

Cadaverine  is  not  poisonous.  It  is  a  strong  base,  absorbing 
carbon  dioxide  from  the  air  to  form  a  crystalline  carbonate. 

Cadaverine  liydrochloride,  B(HC1)2,  forms  deliquescent  needles, 
or  from  alcohol  in  fine  plates.  It  is  insoluble  in  perfectly  absolute 
alcohol,  but  dissolves  readily  in  spirit  of  96  per  cent.,  whereas  the 
putrescine  salt  dissolves  with  difficulty.  When  heated,  cadaverine 
hydrochloride  decomposes  into  piperidine  and  ammonium 
chloride  : — 

PTT  .  /  CH2.CH2.NH2  __  ^TT    iryu-  .  f  CH2.CH 
'H2 '  (  CH2.CH2.NH2  -       HS+  'H2 '  1  CH2.CH 

Cadaverine  aurichloride  is  said  to  contain  B,2(HAuCl3),  cor- 
responding to  50'41  per  cent,  of  gold.  It  crystallises  sometimes  in 
long  brilliant  needles  and  sometimes  in  deliquescent  cubes,  melts  at 

1  Free  neuridine  is  stated  to  yield  a  precipitate  with  mercuric  chloride,  and 
is  also  said  to  be  precipitated  by  neutral  and  basic  lead  acetates. 
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188°,  and  is  readily  soluble  in  water.  B,H2PtCl6  forms  dirty  red 
needles,  but  by  repeated  recrystallisation  is  obtained  in  bright 
yellow  orthorhombic  prisms.  It  is  decomposed  at  about  235% 
and  is  insoluble  in  cold  water,  but  dissolves  with  difficulty  on 
heating. 

The  compound,  B,(HCl)2,4HgCl2  (Hg=63'54  per  cent.),  melts 
at  214°  to  216°,  and  is  insoluble  in  alcohol  and  in  cold  water, 
whereas  the  corresponding  salt  of  putrescine  is  soluble  in  cold 
water.  The  salt,  B(HCl)9,3HgCl2,  has  also  been  described,  the 
composition  of  the  compound  obtained  depending  on  the  quantity 
of  mercuric  chloride  employed. 

Cadaverine  oxalate,  B,H2C204  +  2H20,  is  obtained  by  treating 
ihe  free  base  with  an  alcoholic  solution  of  oxalic  acid.  It  crystal- 
lises in  needles  which  melt  at  160°  with  evolution  of  gas,  and  are 
insoluble  in  absolute  alcohol.  With  excess  of  oxalic  acid  cada- 
verine  yields  the  salt  B,(C2H204)2  +  H20,  which  crystallises  in 
quadratic  plates  insoluble  in  absolute  alcohol  and  melting  with 
decomposition  at  143°  C. 

Cadaverine  picrate,  B,(C6H3N3O7)2,  is  soluble  with  difficulty  in 
cold  water  and  insoluble  in  absolute  alcohol.  It  melts  at  221°,. 
with  decomposition. 

Dibenzoyl-cadaverine,  C5H10(NH.Bz)2,  is  a  compound  of  interest 
as  affording  a  means  of  isolating  cadaverine  and  separating  it  from 
its  homologues.  For  this  purpose,  the  liquid  (urine,  or  clarified 
extract  of  the  putrefying  substance)  is  treated  with  half  its  measure 
of  a  10  per  cent,  solution  of  caustic  soda,  and  some  (5  per  cent.) 
benzoyl  chloride.  The  mixture  is  shaken  at  intervals  until  the 
odour  of  benzoyl  chloride  is  no  longer  perceptible,  when  it  is 
filtered,  and  the  nitrate  treated  with  a  further  quantity  of  benzoyl 
chloride,  to  remove  any  diamines  which  had  previously  escaped 
precipitation.  The  precipitate  is  dissolved  in  alcohol,  and  the 
solution  poured  into  a  relatively  large  quantity  of  water,  when  the 
dibenzoyl  compounds  will  be  gradually  deposited  in  a  crystalline 
form.  To  separate  the  cadaverine  and  putrescine  compounds,  the 
crystalline  precipitate  is  filtered  off,  washed  with  cold  water,  and 
dissolved  in  warm  alcohol.  The  solution  is  poured  into  twenty 
times  its  measure  of  ether,  when  crystals  of  putrescine-dibenzoyl 
will  gradually  separate,  whereas  the  corresponding  compound  of 
cadaverine  is  more  soluble,  and  may  be  recovered  on  evaporating 
the  solution. 

Dibenzoyl-cadaverine  crystallises  in  long  needles  and  plates 
which  melt  at  130°.  It  is  readily  soluble  in  alcohol,  moderately 
soluble  in  ether,  and  insoluble  in  water.  It  is  unaffected  by  dilute 
acids  arid  alkalies,  but  when  dissolved  in  alcohol  and  boiled  for  a 
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long  time  with  strong  hydrochloric  acid,  it  is  gradually  decom- 
posed into  benzoic  acid  and  cadaverine.  After  removing  the 
alcohol  by  evaporation,  the  benzoic  acid  can  be  extracted  by 
agitating  with  ether,  and  the  cadaverine  then  precipitated  as 
chloroplatinate. 

Cadaverine  is  precipitated  by  most  of  the  general  reagents  for 
alkaloids.  Ferric  ferricyanide  is  only  slowly  reduced  to  prussian 
blue  by  a  solution  of  cadaverine  hydrochloride. 

When  heated  with  chloroform  and  alcoholic  potash,  cadaverine 
does  not  yield  an  isonitrile  (compare  Part  ii.  page  7).  Treated  in 
alcoholic  solution  with  excess  of  methyl  iodide  it  yields  a  com- 
pound probably  containing  C6H14N2.2MeI. 

PUTRESCINE,  C4H12N2,  is  a  ptomaine  which  usually  accompanies 
cadaverine  in  putrefactive  decomposition,  but  makes  its  appearance 
at  a  somewhat  later  stage.  It  is  sometimes  described  as  tetra- 
methylene-diamine,  but  its  true  constitution  appears  to  be  that  of 

a  dimethyl-ethylene-diamine:  —  C2H4  <  JTTT  nrr3  • 


Putrescine  has  been  obtained  synthetically  by  the  reducing 
action  of  sodium  on  ethylene  cyanide  in  alcoholic  solution. 

Putrescine  has  been  found  in  the  urine  and  fseces  in  cases  of 
cystinuria,  its  isolation  being  effected  as  described  under  cadaverine. 

Putrescine  is  a  liquid  having  a  peculiar  spermatic  odour.1  It 
boils  at  135°,  and  is  not  poisonous.2  It  absorbs  carbon  dioxide 
from  the  air,  and  forms  crystallisable  salts.  B,(HC1)2  forms  long 
•colourless  needles,  readily  soluble  in  water,  but  insoluble  in  absolute 
alcohol.  B,H2PtCl6  forms  hexagonal  plates,  soluble  with  difficulty 
in  cold  water.  B,(HAuCl4)2  +  2H20  is  insoluble  in  cold  water, 
whereas  cadaverine  aurichloride  is  readily  soluble.  Putrescine 
picrate  crystallises  in  difficultly  soluble  yellow  plates,  which  melt 
with  decomposition  at  about  250°. 

Dibenzoyl-putrescine,  C4H8(NH.Bz)2,  forms  long  needles  or  silky 
plates  melting  at  175°  to  176°,  and  is  less  soluble  in  alcohol  or  ether 
than  the  corresponding  cadaverine  compound  (page  340). 

SAPRINE,  C5H14N"2,  isomeric  with  cadaverine  and  neuridine,  was 
found  by  Brieger  in  human  liver  and  spleen  after  putrefaction  had 

1  Putrescine  has  also  been  described  as  crystallising  in  scales  melting  at 
24°  and  boiling  at  156°  to  157°.  Possibly  this  description  applies  to  a  pre- 
paration which  had  been  exposed  to  the  air  and  consisted  largely  of  putrescine 
carbonate. 

-  On  the  other  hand,  the  tetramethyl-derivative  of  putrescine,  C4H8Me4N2, 
•obtained  by  repeated  treatment  of  the  base  with  methyl  iodide,  occasions 
poisonous  symptoms  similar  to  those  produced  by  muscarine. 
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continued  for  several  weeks.  Saprine  closely  resembles  cadaverine, 
but  presents  the  following  differences  : — Cadaverine  chloroplatinate- 
is  but  very  slightly  soluble,  and  crystallises  in  rhombs ;  while  the 
platinum  salt  of  saprine  is  readily  soluble  and  forms  groups  of 
parallel  needles.  Saprine  does  not  form  a  definite  aurichloride,. 
while  its  hydrochloride  crystallises  in  flattened  needles  which  are 
permanent  in  the  air,  the  corresponding  salt  of  cadaverine  being 
very  deliquescent.  Free  saprine  reduces  ferric  ferricyanide  to 
prussian  blue.  It  is  precipitated  by  mercuric  chloride.  Saprine 
is  not  poisonous. 

GERONTINE,  C5H14lSr2,  a  ptomaine  isomeric  with  cadaverine  and 
saprine,  was  extracted  by  V.  Grandis  (Jour.  Chem.  Soc.,  Ix.  587} 
from  the  cell-nuclei  of  the  liver  and  some  other  organs  of  dogs,  in 
which  it  occurs  as  crystals  of  the  phosphate  (compare  spermine, 
page  200).  Gerontine  is  a  strongly  basic,  yellowish  liquid  of 
disgusting  odour,  which  is  soluble  in  water  and  gradually  crystal- 
lises from  its  solution  in  spherical  tufts.  The  hydrochloride,. 
chloroplatinate,  mercurochloride,  picrate,  &c.,  are  crystallisable. 

MYDALEINE  is  a  very  poisonous  ptomaine  isolated  by  Brieger 
from  putrefying  animal  matters.  It  is  probably  a  diamine,  but 
the  quantity  obtained  was  insufficient  to  establish  its  constitution 
and  formula  with  certainty.  Mydaleine  forms  a  very  soluble 
chloroplatinate  (containing  Pt,  38'74;  C,  10'83  ;  and  H,  3'23 
per  cent.)  obtainable  in  crystals  from  its  solution  in  absolute 
alcohol. 

When  injected  hypodermically,  mydaleine  occasioned  in  guinea- 
pigs  dilation  of  the  pupil,  increased  temperature,  and  abundant 
secretion  from  the  nose  and  eyes. 

According  to  Brieger,  when  mydaleine  is  administered  to- 
rabbits  the  secretion  from  the  lachrymal  glands  and  nostrils  is 
increased,  the  pupils  are  dilated  and  reactionless,  the  temperature 
increased.  The  pulse  and  respiration  are  at  first  more  rapid,  but 
subsequently  become  slower,  the  heart  finally  arresting  in  diastole. 
Increased  peristalsis,  diarrhoea,  vomiting,  clonic  spasms,  and  para- 
lysis, with  a  tendency  to  stupor,  precede  death.  Five  grains  of 
mydaleine  hydrochloride  administered  hypodermically  to  a  kitten 
caused  rapid  dilation  of  the  pupils,  •  diarrhoea,  vomiting,  salivation, 
stupor,  muscular  spasms,  paralysis  first  of  the  hind  and  then  of 
the  fore  legs,  slow  laboured  breathing,  and  death,  the  heart  being 
arrested  in  systole. 

PHLOGOSINE,  a  ptomaine  obtained  by  Lebur  from  pure  culti- 
vations of  Stapliylococcus  aureus,  probably  belongs  to  the  diamine 
class. 

SPASMOTOXINE  is  also  probably  a  diamine.     It  was  isolated  by 
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Brieger  from  pure  cultivations  of  the  tetanus  bacillus,  and  pro- 
duced tonic  and  clonic  convulsions.  An  accompanying  unnamed 
base  caused  tetanus,  accompanied  by  a  flow  of  saliva  and  tears. 

Unclassified  Ptomaines. 

In  addition  to  the  ptomaines  of  the  diamine  class  and  others 
mentioned  in  the  table  on  pages  332,  333,  the  following  have 
been  described : — 

BASES  isomeric  with  collidine  and  cor  id  in  e,  and  having 
the  formula  C8HnN  and  C10H15N  respectively,  have  been  isolated 
by  0.  de  Coninck  from  the  muscular  tissues  of  the  cuttle-fish 
after  bacterial  putrefaction  (Comp.  rend.,  cvi.  858;  ex.  1339  ;  cxii. 
584  •  abst.  Jour.  Chem.  Soc.,  liv.  730  ;  Iviii.  1170  ;  Ix.  845). 

A  BASE,  to  which  the  improbable  formula  C7H38N4  is  ascribed, 
was  obtained  by  Gautier  from  putrefied  meat. 

TETANOTOXINE,  CgH^N,  is  a  ptomaine  extracted  by  Brieger 
from  cultivations  of  the  tetanus  bacillus,  together  with  tetanine, 
C13H30N204,  and  spasmotoxine,  a  ptomaine  of  unknown  com- 
position. Tetanotoxine  is  described  as  a  colourless  liquid  of 
disagreeable  odour,  capable  of  distillation  either  alone  or  with 
steam.  B,HC1  melts  at  about  130°,  and  dissolves  in  water  and  in 
alcohol.  B,H9PtCl6  is  difficultly  soluble  and  decomposes  at  240°, 
while  B,HAuCl4  melts  at  130°  and  is  readily  soluble.  Injected 
subcutaneously,  it  produces  tremor  and  paralysis,  followed  by 
violent  convulsions. 

The  formulae  attributed  to  the  following  five  ptomaines  render 
it  probable  that  they  belong  to  the  be  tain  e  class. 

MYDATOXINE,  C6H13N02,  was  isolated  by  Brieger  by  the  mer- 
curic chloride  process  from  putrefying  corpses  and  horse-flesh.  It 
is  a  syrup  of  strongly  alkaline  character,  which  in  large  doses 
produces  symptoms  resembling  those  due  to  curare.  Lachryma- 
tion,  diarrhoea,  and  convulsions  have  been  recorded.  B,HC1  is 
deliquescent,  and  yields  with  phospho-molybdic  acid  a  compound 
crystallising  in  cubes.  B,H2PtCl6  melts  at  193°,  and  is  very 
soluble  in  water. 

A  non-poisonous  base  of  the  same  formula  as  mydatoxine  has 
been  obtained  by  Brieger  from  pure  cultivations  of  the  tetanus 
bacillus. 

MYTILOTOXINE,  C6H15lSr02,  is  a  ptomaine  separated  by  Brieger 
from  decomposing  mussels,  and  is  believed  to  be  the  active  agent 
in  mussel-poisoning.1 

1  For  the  isolation  of  mytilotoxine,  Brieger  boiled  the  mussels  with  water 
acidulated  with  hydrochloric  acid,  evaporated  the  filtered  liquid  to  a  syrup, 
and  exhausted  the  residue  thoroughly  with  alcohol.  The  filtered  liquid  was 
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Mytilotoxine  is  a  base  of  very  peculiar  and  characteristic  odour, 
but  both  the  odour  and  the  poisonous  effects  decrease  and  ulti- 
mately disappear  by  exposure  to  air.  The  base  is  readily  decom- 
posed by  boiling  with  sodium  carbonate,  but  in  acid  solution  (e.g. 
the  hydrochloride)  mytilotoxine  may  be  boiled  and  evaporated 
to  dryness  without  change.  B,HC1  forms  tetrahedral  crystals 
B,HAuCl4  crystallises  in  cubes  and  melts  at  182°  C. 

By  extracting  poisonous  mussels  with  hot  alcohol,  E.  Salkowski 
(Chem.  Centr.y  1886,  24)  obtained  a  highly  poisonous  substance 
which  was  not  precipitated  by  platinum  chloride,  nor  volatile  with 
steam,  but  which  was  decomposed  on  boiling  with  sodium  car- 
bonate. A  solution  containing  0'0055  of  dry  substance  was 
sufficient  to  kill  a  rabbit.  The  poisonous  mussels  yielded  a  green 
alcoholic  extract,  while  non-poisonous  mussels  give  a  nearly  colour- 
less extract;  from  which  Salkowski  infers  that  the  poison  is 
probably  contained  in  the  liver  of  the  animal. 

MYDINE,  C8HnKO,  found  by  Brieger  in  putrefying  corpses, 
has  a  strongly  ammoniacal  odour.  It  is  not  poisonous,  is  a  power- 
ful reducing  agent,  precipitating  metallic  gold  from  auric  chloride, 
and  forms  a  picrate  crystallising  in  large  prisms  melting  at  195°. 

GADININE,  C7H17NO2,  is  a  ptomaine  found  by  Brieger  in 
putrefied  herrings  and  cod.  When  the  muscarine  is  precipitated 
as  chloroplatinate,  the  gadinine  remains  in  solution,  but  on 
cautious  evaporation  the  mother-liquor  deposits  the  platinum  salt 
in  golden-yellow  plates,  sparingly  soluble  in  water.  When  the 
chloroplatinate  is  decomposed  by  sulphuretted  hydrogen,  and  the 
filtrate  evaporated,  the  liydrocliloride  is  obtained  in  large  colourless 
needles,  very  soluble  in  water  but  insoluble  in  alcohol.  Gadinine 
chloroplatinate  has  been  prepared,  but  the  base  does  not  appear 
to  form  an  aurichloride.  It  is  not  poisonous. 

TYPHOTOXINE,  C7H17N02,  produced  by  the  typhus  bacillus,  has 
been  described  by  Brieger.  It  is  a  strong  base  of  alkaline 
reaction,  and  possesses  poisonous  properties.  B,HAuCl4  forms 

treated  with  alcoholic  lead  acetate,  the  filtrate  evaporated,  and  the  residue 
again  extracted  with  alcohol.  From  the  solution  the  lead  was  removed  by 
sulphuretted  hydrogen,  the  alcohol  evaporated,  water  added  to  the  residue, 
and  the  liquid  decolorised  by  animal  charcoal.  The  free  acid  was  then 
neutralised  by  sodium  carbonate,  acidulated  with  nitric  acid,  and  treated 
with  phospho-molybdic  acid.  The  precipitate  was  decomposed  by  warming 
with  a  solution  of  neutral  lead  acetate,  the  lead  removed  from  the  filtrate  by 
sulphuretted  hydrogen,  the  liquid  acidulated  with  hydrochloric  acid,  and 
evaporated  to  dryness.  On  treatment  with  absolute  alcohol,  any  betaine 
chloride,  &c.,  remained  undissolved,  while  the  pytilotoxine  was  precipitated 
from  the  filtrate  by  an  alcoholic  solution  of  mercuric  chloride. 
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prisms  melting  at  176°.  The  hydrochloride  and  phospho-tungstate 
are  crystallisable.  Typhotoxine  is  believed  to  be  the  chemical 
poison  in  typhoid  fever.  An  isomeric  base  was  found  by  Brieger 
in  horse-flesh  which  had  been  putrefying  four  months.  It  was 
poisonous/formed  no  picrate,  but  gave  a  chloroplatinate.  B,HAuCl4 
formed  needles  or  plates  melting  at  176°  and  sparingly  soluble  in 
water. 

TETANINE,  C13H30N204,  was  obtained  by  Brieger  by  inoculat- 
ing pure  beef-broth  with  the  tetanus  bacillus,  and  found  also  in 
human  corpses.  It  is  a  strongly  alkaline  yellow  syrup,  permanent 
in  alkaline  solutions  but  readily  decomposing  in  presence  of  acids. 
B,HC1  is  very  deliquescent.  B,H2PtCl6  is  soluble  in  water  and  in 
alcohol,  but  is  precipitated  from  its  solution  in  the  latter  solvent 
by  adding  ether.  It  crystallises  in  plates  which  decompose  at 
about  197°.  Tetanine  is  very  poisonous,  producing  tetanic  con- 
vulsions and  death.1 

A  PTOMAINE  containing  C16H24N204  has  been  isolated  by  C. 
Lepierre  (Compt.  rend.,  cxviii.  476)  from  a  ripe  cheese  from 
ewes'  milk,  which  gave  rise  to  digestive  troubles  when  eaten.  From 
1  kilogramme  of  the  cheese  some  decigrammes  of  a  well  crystallised 
base  were  extracted  by  Gautier's  process.  It  was  odourless,  bitter, 
very  slightly  soluble  in  water,  but  soluble  in  alcohol.  The 
aqueous  solution  had  a  specific  rotation  of  +11*3°.  The  hydro- 
chloride  was  very  soluble  and  crystallised  in  large  needles,  and 
the  platinum  and  gold  salts  were  also  crystallisable.  The  solutions 
were  precipitated  by  picric  acid,  phospho-molybdic  acid,  iodised 
potassium  iodide,  but  not  by  tannin.  Introduced  into  the  stomach 

1  Tetanine  was  isolated  from  beef-broth  cultures  of  the  tetanus  bacillus  by 
K  i  t  a  s  a  t  o  and  W  e  y  1  in  the  following  manner :  —The  broth  was  digested  for 
some  hours  at  40°  C.  with  water  acidulated  with  hydrochloric  acid  (0'25  per 
cent. ).  It  was  then  made  feebly  alkaline  and  distilled  in  vacua.  The  distil- 
late contained  tetanotoxine,  ammonia,  indol,  &c.  The  liquid  left  in  the 
retort  contained  the  tetanine,  and  was  treated  by  Brieger's  process  with  mer- 
curic chloride  and  filtered.  The  filtrate,  which  contained  most  of  the 
tetanine,  was  freed  from  mercury  by  sulphuretted  hydrogen,  evaporated,  and 
the  residue  exhausted  with  absolute  alcohol.  The  filtered  liquid  was  treated 
with  alcoholic  platinic  chloride,  which  precipitated  ammonia  and  creatinine, 
but  not  the  tetanine.  On  filtering  and  adding  ether  to  the  filtrate,  the 
platinum  salt  of  tetanine  was  precipitated.  The  salt  thus  obtained  was  very 
deliquescent,  hence  it  was  filtered  off  rapidly  and  dried  in  vacuo.  When 
recrystallised  from  hot  96  per  cent,  spirit,  the  platinum  salt  formed  clear 
yellow  plates,  which  after  drying  in  a  vacuum  were  only  with  difficulty 
soluble  in  water.  By  decomposing  the  chloroplatinate  by  sulphuretted 
hydrogen,  and  treating  the  resultant  hydrochloride  with  freshly -precipitated 
-oxide  of  silver,  a  solution  of  the  free  base  was  obtained. 
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of  a  pig  the  base  produced  diarrhoea ;  but  an  aqueous  solution  of 
the  hydrochloride  injected  into  the  vein  of  a  rabbit's  ear  produced 
no  ill  effects.  Other  cheeses  of  the  same  kind  yielded  no  similar 
base. 

A  BASE  containing  C14H20N~204,  or  C7H10X02,  possibly  identical 
with  tyroleucine,  was  obtained  by  Guareschi  from  putrefied 
fibrin.  It  crystallises  from  alcohol  in  brilliant  plates,  melting  at 
248°  to  250°,  and  is  soluble  in  water  and  alcohol,  but  very  sparingly 
in  chloroform. 

BASES  represented  by  the  formulae  C5H12N204  and  C7H12X206 
were  extracted  by  G.  Pouchet  from  putrid  animal  substances. 
They  form  crystallisable  hydrochlorides  and  chloroplatinates,  and 
are  very  poisonous. 

SABDININB,  C^H^O^  was  extracted  by  A.  B.  Griffiths 
from  the  products  of  the  bacterial  fermentation  of  sardines,  by  the 
methods  of  Gautier  and  Brieger.  It  is  described  as  white,  crystal- 
line, feebly  alkaline  in  reaction,  and  soluble  in  water.  The 
hydrochloride,  aurichloride,  and  chloroplatinate  are  crystallisable. 
Sardinine  gives  a  greenish  precipitate  with  phospho-molybdic  acid, 
yellowish-white  with  phospho-tungstic  acid,  and  yellow  with  picric 
acid.  It  is  precipitated  by  Nessler's  reagent  and  by  silver  nitrate. 
Sardinine  is  poisonous,  producing  vomiting,  profuse  diarrhoea,  and 
death.  It  is  probably  the  cause  of  the  poisonous  symptoms  pro- 
duced by  decomposing  or  badly-preserved  sardines.1 

PTOMAINES  having  characteristic  properties  have  been  extracted 

1  "  Some  persons  exhibit  an  idiosyncrasy  to  being  poisoned  by  fish,  while  to 
others  no  harm  seems  to  happen  under  any  circumstances.  Arnstamoff  has 
observed  11  cases  of  poisoning  in  human  beings  after  eating  salted  salmon  ; 
of  these  5  died.  An  examination  of  the  fish  showed  a  peculiar  soft  consist- 
ency, but  no  putrefaction.  A  large  number  of  living  micro-organisms  were- 
seen  under  the  microscope,  and  these  bore  a  strong  resemblance  to  typhoid 
bacilli.  Symptoms  of  poisoning  developed  in  the  patients  in  ten  to 
twenty-eight  hours  after  ingestion  of  the  fish,  but  the  amount  ingested  had 
no  influence  on  the  rapidity  and  intensity  of  the  toxic  symptoms.  Complaint 
was  chiefly  made  by  the  patients  of  general  weakness,  abdominal  pains, 
dyspnoea,  mydriasis,  diplopia,  vertigo,  dryness  in  the  mouth,  dysphagia, 
constipation,  and  a  lowered  temperature.  The  post-mortem  signs  in  the  fatal 
cases  were  very  indefinite,  and  if  anything  only  pointed  to  death  from 
asphyxia.  Bacteriological  and  microscopical  examination  of  the  various 
organs  afterwards  revealed  the  presence  of  the  same  microbes  which  had  been 
detected  in  the  fish.  Pure  cultures  made  with  these  microbes  were  injected 
into  19  rabbits,  2  dogs,  and  2  cats.  The  latter  four  animals  recovered,  but 
only  after  severe  illnesses,  while  all  the  rabbits  succumbed.  Both  in  the 
symptoms  presented  during  life,  and  in  the  presence  of  the  microbes  in  the 
organs  after  death,  the  toxic  effects  observed  in  the  animals  were  identical  to 
those  noticed  in  the  patients  above  referred  to." — Medical  Press. 
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by  A.  P.  Luff  (Brit.  Med.  Jour.,  1889,  page  193)  from  the  urine 
of  patients  suffering  from  scarlet  and  typhoid  fevers,1  by  the 
following  process,  which  presupposes  the  bases  to  be  soluble  in 
ether : — 

A  large  quantity  (several  gallons)  of  the  urine  was  rendered 
alkaline  by  sodium  carbonate,  and  thoroughly  shaken  with  half 
its  measure  of  ether.  After  standing,  the  ethereal  layer  was 
separated  and  agitated  with  a  solution  of  tartaric  acid,  which,  after 
separation  from  the  ether,  was  rendered  alkaline  with  sodium 
carbonate,  and  the  liquid  again  shaken  with  half  its  measure  of 
ether.  After  standing,  the  ether  was  separated  and  allowed  to 
evaporate  spontaneously,  the  residue  obtained  being  subsequently 
dried  over  concentrated  sulphuric  acid.  When  normal  urine  is 
subjected  to  this  process,  no  alkaloidal  residue  is  obtained,  pro- 
vided the  patient  has  not  been  taking  any  alkaloidal  or  antipyretic 
remedy.  From  typhoid  urine,  Luff  isolated  a  white,  crystalline 
substance  of  alkaloidal  character.  From  the  urine  of  scarlet  fever 
patients  the  base  isolated  was  white,  semicrystalline,  and  soluble 
in  water  with  faintly  alkaline  reaction. 

When  dissolved  in  very  dilute  hydrochloric  acid,  Luff's  fever 
bases  gave  the  following  reactions  : — 


Reagent. 

Typhoid  Fever  Base. 

Scarlet  Fever  Base. 

Phospho-molybdic  acid,     . 
Phospho-tungstic  acid, 
Tamric  acid,        

White  ppte. 
No  reaction. 
Yellow-brown  ppte. 

Yellowish-white  ppte. 
White  ppte. 
No  reaction. 

Picric  acid                   .... 

Dense  yellow  ppte 

Yellow  ppte. 

Platinic  chloride,        . 
Auric  chloride,    
Mayer's  solution,        .... 

No  reaction. 
Dense  yellow  ppte. 
Dense  yellow  ppte. 

No  reaction. 
Slight  yellow  ppte. 
Yellowish  -white  ppte. 

Iodine  solution    . 

Brown  ppte 

Brown  ppte. 

TYROTOXICON  is  the  name  given  by  V.  C.  Vaughan  to  a 
poisonous  ptomaine  found  by  him  in  stale  milk,  ice-creams,  and 
cheese.  It  is  described  as  crystallising  in  needles,  which  gradually 
decompose  on  exposure  to  moist  air.  It  has  a  "  dry  "  taste,  and 
an  odour  like  that  of  stale  cheese.  Tyrotoxicon  is  soluble  -in 

1  A.  B.  Griffiths  has  described  various  ptomaines  and  leucomai'nes  as 
occurring  in  the  urine  of  patients  suffering  from  various  diseases.  His 
researches  are  to  be  found  chiefly  in  Comptes  rendus  and  the  Proceedings  of  the 
Royal  Society  of  Edinburgh. 
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water,  alcohol,  and  chloroform.  When  pure,  it  is  insoluble  in 
ether,  but  dissolves  in  presence  of  impurities. 

Tyrotoxicon  was  found  by  Yaughan  to  act  as  a  violent  poison 
both  on  man  and  the  lower  animals.  A  minute  portion  placed  on 
the  tongue  of  a  child  produced  sickness  and  diarrhoea,  symptoms 
identical  with  those  of  cholera  infantum.  Ten  drops  of  a  solution 
of  tyrotoxicon  obtained  from  milk  three  months  old,  when  given 
to  a  young  dog,  caused  frothing  at  the  mouth,  vomiting,  diarrhoea, 
and  muscular  spasms.  Similar  symptoms  were  obtained  with 
cats.  There  was  no  inflammation  of  the  stomach,  the  mucous 
membrane  after  death  being  white  and  soft. 

If  a  strong  alcoholic  solution  of  tyrotoxicon  be  evaporated  on 
the  water-bath  with  some  platinic  chloride,  a  violent  explosion 
occurs  immediately  the  whole  of  the  alcohol  has  evaporated. 

Tyrotoxicon  is  not  precipitated  by  the  majority  of  the  general 
reagents  for  alkaloids. 

Tyrotoxicon  forms  a  potassium  derivative  crystallising  in  six- 
sided  plates,  soluble  in  absolute  alcohol,  to  form  a  solution  pre- 
cipitated by  ether.  Yaughan  believes  this  compound  to  be 
diazobenzene-potassoxide,  C6H5.N2.OK,  and  considers  tyro- 
toxicon itself  to  be  identical  with,  or  closely  allied  to,  diazo- 
benzene  butyrate,  in  support  of  which  view  he  advances  the 
following  arguments : — 

a.  Synthetically  prepared  diazobenzene  butyrate  forms  crystals 
exactly  similar  to  those  of  tyrotoxicon,  and  undergoes  a  similar 
decomposition  in  presence  of  aqueous  vapour. 

b.  The  platinum  salts  of   diazobenzene  and  tyrotoxicon  both 
explode   violently   when   heated   to   a   temperature   approaching 
100°  C. 

c.  The  coloration  (yellow  to  orange-red)  yielded  by  tyrotoxicon 
extracted  from  milk  or  cheese  when  treated  with  phenol  and 
sulphuric  acid  is  identical  with  that  obtained  when  fresh  milk  is 
treated  with  synthetical  diazobenzene  nitrate,  while  a  green  colour 
is  produced  when  the  purified  potassium  compound  of  tyrotoxicon 
or  diazobenzene  is  treated  with  the  same  reagent. 

d.  The  gold  salts   of  tyrotoxicon  and  diazobenzene   agree  in 
being  insoluble  in  water  but  soluble  in  hot  alcohol,  crystallising 
from  this  solvent  in  golden-yellow  plates,  which  are  decomposed 
by  repeated  treatment  with  hot  alcohol. 

e.  The  proportion   of   potassium    contained  in   the    potassium 
derivative  of    tyrotoxicon  agrees  very   closely  (23*93   per   cent, 
against  24'42  per  cent.)  with  that  present  in  the  diazobenzene 
derivative  of  the  formula  C6H5.N2.OK. 

/.  The  poisonous  effects  of  diazobenzene  on  the  lower  animals 
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are  identical  with  those  produced  by  tyrotoxicon,  and  the  post- 
mortem appearances  of  the  stomach  are  similar. 

The  identity  of  tyrotoxicon  with  diazobenzene  does  not  appear 
to  be  sufficiently  established. 

For  the  detection  of  tyrotoxicon  in  milk  and  cheese^  V.  C. 
Vaughan  recommends  the  following  process  (Analyst,  xiii.  14)  : 
— The  filtrate  from  the  curdled  milk,  or  the  filtered  cold-water 
extract  of  cheese,  is  neutralised  with  sodium  carbonate,  transferred 
to  a  separator,  and  shaken  with  its  own  volume  of  pure  ether.2 
The  mixture  is  allowed  to  stand  for  twenty-four  hours,  or  until 
separation  is  effected,  when  the  ethereal  layer  is  allowed  to 
evaporate  spontaneously  in  an  open  dish.  The  residue  is  dissolved 
in  water,  the  liquid  again  shaken  with  ether,  and  the  ethereal 
layer  separated  and  allowed  to  evaporate  as  before.  Repeated 
extractions  with  ether  should  be  avoided,  as  the  purer  the  tyro- 
toxicon becomes  the  less  readily  is  it  dissolved.  The  residue  is 
next  taken  up  in  a  few  drops  of  distilled  water,  and  the  solution 
tested  in  the  following  manner : — 

a.  A  drop  of  the  liquid  is  treated  on  porcelain  with  a  few  drops 
of  a  recently-prepared  mixture  of  equal  volumes  of  phenol  and 
concentrated  sulphuric  acid,  free  from  nitrous  compounds.      In 
presence    of   tyrotoxicon,    a    coloration   varying    from    yellow  to 
orange-red,  and  ultimately  becoming  violet,  will  be  obtained. 

b.  Treat  the  remainder  of  the  solution  with  a  concentrated 
solution  of  caustic  potash,  and  evaporate  to  dryness  on  the  water- 
bath.     In  presence  of  tyrotoxicon,  diazobenzene-potassoxide  will 
be  formed,  recognisable   by  its   crystalline  form  and   the  green 
coloration  which  it  gives  on  treatment  with  a  mixture  of  phenol 
and  strong  sulphuric  acid. 

c.  An  acid  solution  of  tyrotoxicon  prepared  from  milk  gives  a 
golden-yellow  precipitate  with  auric  chloride,  but  the  formation  of 
the  gold    salt   from   some    milks  is   extremely  slow,   apparently 
depending  on  the  condition  of  the  other  organic  matter  present. 

Vaughan  recommends  that  the  foregoing  tests  should  be  supple- 
mented by  extracting  a  further  quantity  of  the  milk  or  cheese, 
and  administering  an  aqueous  extract  of  the  ethereal  residue  to  a 
cat.  He  regards  the  physiological  test  as  the  best  and  most 
reliable. 

Vaughan  (Cliem.  News,  Ivi.  45,  52)  examined  twelve  samples 
of  suspected  cheese  by  extracting  it  with  alcohol  and  evaporating 

1  As  tyrotoxicon  decomposes  with  great  facility,  the  milk  or  cheese  should 
be  exposed  to  the  air  as  little  as  possible. 

2  Vaughan  states  that  ordinary  ether  often  contains  an  irritating  ptomaine- 
like  body. 
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the  extract  in  vacuo  at  a  low  temperature.  The  residue  thus 
obtained  produced  poisonous  effects  on  himself.  He  obtained 
needles  of  tyrotoxicon  by  rendering  the  liquid  slightly  alkaline 
with  caustic  soda  and  extracting  with  ether.  On  spontaneous 
evaporation,  the  ethereal  layer  gave  a  residue  which  reduced  iodic 
acid  and  yielded  prussian  blue  when  treated  with  a  mixture  of 
ferric  chloride  with  potassium  ferricyanide.  Yaughan  does  not 
regard  these  reactions  as  characteristic  of  tyrotoxicon,  as  peptones 
and  other  bodies  existent  in  milk  react  similarly. 

H.  A.  Weber  (Jour.  Amer.  Chem.  Soc.,  xii.  485  ;  Jour.  Soc. 
Chem.  Ind.,  x.  728)  has  examined  numerous  samples  of  poisonous 
cheese,  and  found  that  in  all  cases  the  aqueous  solution  of  the 
ether-residue  exerted  a  reducing  action  on  ferric  ferricyanide,  and 
gave  a  reddish-yellow  colour  with  a  mixture  of  phenol  and  sulphuric 
acid,  though  it  exhibited  no  marked  poisonous  effects.  He  con- 
siders that  these  reactions  do  not  prove  the  presence  of  tyrotoxicon, 
but  depend  on  the  presence  of  an  organic  base  (probably  an  amine), 
which -reduces  the  ferric  ferricyanide,  and  on  that  of  butyric  acid, 
which  gives  the  coloration  with  phenol.  He  points  out  that  both 
these  bodies  would  be  probable  constituents  of  decomposing  cheese 
and  milk,  and  would  probably  be  extracted  by  ether  together  in 
the  form  of  a  salt.  He  attributes  to  the  presence  of  these  bodies 
the  orange-red  coloration  produced  when  diazobenzene  is  dissolved 
in  whey,  the  liquid  extracted  with  ether,  and  the  residue  treated 
with  phenol  and  sulphuric  acid. 

Vaughan  has  found  that  three  months  are  required  for  the 
formation  of  tyrotoxicon  in  milk  kept  in  tightly-stoppered  bottles, 
but  its  formation  is  greatly  hastened  by  the  addition  to  normal 
milk  of  some  butyric  acid  ferment  (such  as  is  used  in  the  prepara- 
tion of  butyric  acid),  the  poison  being  then  produced  in  about 
eight  to  ten  days  (Analyst,  xv.  14).  He  considers  that  the  poison 
is  directly  or  indirectly  the  product  of  some  organism,  as  in  all 
samples  of  milk  in  which  he  detected  poison  he  found  a  varying 
proportion  of  butyric  acid,  which  points  to  the  poison  being  the 
result  of  a  butyric  fermentation.1  This  conclusion  is  confirmed  by 
the  observation  of  K.  H.  Frith  (Pharm.  Jour.,  [3],  xviii.  92),  who 
extracted  from  milk  a  ptomaine-like  body  he  called  lactotoxine. 
He  found  that  normal  milk  had  to  be  kept  about  ten  weeks  before 

1  Some  years  ago,  Selmi  obtained  a  ptomaine  resembling  conine,  and 
pointed  out  that  it  might  be  a  product  of  the  action  of  butyric  aldehyde  or 
butyric  acid  on  ammonia  :— 

2C4H80  +NH3  =     C8H15N  +  2H20 

2C4H802*+NH3  +  2H2     = 
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the  poison  could  be  detected,  but  that  if  a  piece  of  rancid  butter 
were  suspended  in  the  liquid  the  poison  appeared  in  as  little  as 
four  days.  Lactotoxine  produces  poisonous  symptoms  similar  to 
those  of  tyrotoxicon,  with  which  substance  it  is  probably  identical. 

SUCHOLOTOXINE  and  SAPLAGOTOXINE  are  ptomaines  extracted  by 
von  Schweinitz  from  pure  cultivations  of  the  microbe  of  hog- 
-cholera.  Both  are  very  poisonous. 

By  cultivating  the  bacillus  of  swine-fever  in  peptone-broth  at 
37°,  von  Schweinitz  obtained  a  primary  amine  of  unknown 
composition,  and  a  base  the  chloroplatinate  of  which  contained 
C14H34K,PtCl6.  B,HC1  formed  a  syrup  soluble  in  alcohol,  which 
was  not  poisonous.  The  free  base  could  not  be  isolated  (Chem. 
Centr.,  1890,  ii.  759  ;  and  Jour.  Chem.  Soc.,lx.  476). 

SUSOTOXINE,  C10H26N2,  and  an  analogous  ptomaine  were  isolated 
by  F.  G.  Novy  (Med.  News,  Sept.  1890)  from  a  cultivation  of 
Salmon's  bacillus  in  pork-broth.  By  Brieger's  process  with  mer- 
curic chloride  an  amorphous  precipitate  was  obtained,  which,  on 
treatment  by  the  usual  process  for  preparation  of  a  chloroplatinate, 
yielded  a  remarkable  compound,  to  which  the  formula  C8H14JS"4Pt08 
was  ascribed.  From  the  mother-liquor  crystals  of  the  platinum 
salt  of  susotoxine  were  obtained  having  the  composition  B,H2PtCl6. 
Susotoxine  is  described  as  being  very  poisonous  and  giving  reactions 
with  the  general  reagents  for  alkaloids. 

SCOMBRI  NE,  C^HggNg,  is  a  ptomaine  obtained  by  Gautier  and 
Etard  from  putrefied  mackerel.  It  has  an  odour  resembling 
syringa,  and  suffers  decomposition  at  100°.  The  chloroplatinate 
is  crystallisable  and  soluble  in  water. 

MORBHUINE,  C19H27]N~3,  was  isolated  by  Gautier  and  Mourgues 
from  cod-liver  oil.  It  is  described  as  a  yellowish  liquid,  very 
alkaline  and  caustic,  having  an  odour  of  syringa.  It  possesses 
poisonous  properties. 

ASELLINE,  C^HggN^  accompanies  morrhuine  in  cod-liver  oil.1 


1  In  cod-liver  oil,  Gautier  and  Mourgues  found  butylamine,  amyl- 
amine,  hexylamine,  and  dihydrolutidine,  in  addition  to  aselline  and  morrhuine. 
According  to  J.  Bouillot  (Compt.  rend.,  cxvi.  439),  the  alkaloids  of  cod- 
liver  are  of  biliary  origin,  and  pre-exist  in  normal  hepatic  tissue  ;  and  hence  do 
not  belong  to  the  class  of  ptomaines.  He  states  that  if  a  thin  section  of  fresh 
cod's  liver  be  exposed  to  the  vapours  of  hydrofluoric  or  hydrochloric  acid  for 
half  an  hour,  and  then  dried  under  a  bell-glass  for  several  hours,  numerous 
crystals  are  observable  under  the  microscope,  among  which  may  be  recognised 
the  hydrochlorides  of  morrhuine,  aselline,  and  dihydrotoluidine.  These 
crystals  are  never  enclosed  in  the  hepatic  cellules,  but  are  localised  in  the 
extra-cellular  fluid,  and  more  especially  about  the  periphery  of  the  biliary 
ducts.  If,  after  the  above-named  treatment,  the  section  be  moistened  with 
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It  is  solid,  odourless,  insoluble  in  water,  but  soluble  in  alcohol  anci 
ether.  It  is  poisonous  in  large  doses. 

ARSENICAL  PTOMAINES.  From  the  putrefying  corpses  of  animals 
poisoned  with  arsenic  Selmi  extracted  ptomaines  which  contained 
arsenic  in  a  form  not  readily  recognisable,  and  which  gave  precipi- 
tates with  most  of  the  alkaloidal  reagents.  T.  Husemann 
(Archiv.  der  Pharm.,  xvi.  415  ;  Chem.  News,  xlv.  2 38)  has  suggested 
that  the  Aqua  Tofana  and  Acquetta  di  Perugia,  which  played  so 
important  a  part  in  Italian  history  some  centuries  since,  owed  their 
intense  toxic  action  to  the  presence  of  certain  ptomaines  containing 
arsenic.  According  to  tradition,  the  Acquetta  di  Perugia  was  pre- 
pared by  rubbing  white  arsenic  into  the  flesh  of  a  recently-killed 
hog,  and  collecting  the  liquid  which  dropped  therefrom  in  the  course 
of  putrefaction.  Highly  toxic  arsines  would  not  improbably  be 
formed,  in  addition  to  which  ammonium  arsenite  and  other  soluble 
compounds  of  arsenic  would  result,  and  hence  a  liquid  far  more 
poisonous  than  a  simple  aqueous  solution  of  arsenious  acid  would 
be  obtained. 

Selmi  has  also  shown  that  a  volatile  arsine  is  formed  by  the 
contact  of  arsenious  oxide  and  albuminous  matters,  which  possesses 
a  strong  toxic  action  differing  somewhat  from  that  of  arsenious 
acid.  Husemann  has  suggested  that  a  similar  compound  may  be 
formed  from  the  size  or  paste  used  for  fixing  arsenical  paper  to  the 
wall  of  a  room,  and  may  account  for  the  poisonous  effects  expe- 
rienced therefrom. 

platinic  chloride,  and  again  dried,  barbed  needle-shaped  crystals  of  morrhuine- 
chloroplatinate  may  be  detected.  Bouillot  suggests  the  name  pangaduine- 
for  the  mixtures  of  bases  obtained  from  cod -liver  oil.  It  leaves  3*5  per  cent, 
of  ash  on  ignition,  and  dissolves  in  spirit,  aqueous  glycerin,  &c.  Pangaduine 
is  said  to  be  of  value  in  tuberculosis,  gout,  rheumatism,  diabetes,  and  other 
maladies  characterised  by  imperfect  nutrition.  J.  0.  Schlotterbeek 
(Pharm.  Jour. ,  [3],  xxv.  585)  extracted  about  40  grammes  of  the  slightly 
coloured  salts  of  the  mixed  bases  from  100  kilogrammes  of  light  brown 
Norwegian  cod -liver  oil. 


ANIMAL  ACIDS. 


THE  acids  occurring  in  the  animal  kingdom  are  in  many  instances 
(e.g.,  oxalic,  palmitic,  benzoic)  found  also  in  plants,  and  a  large 
proportion  of  them  have  been  prepared  by  artificial  means.  Hence 
no  sharp  distinction  can  be  drawn  between  bodies  of  acid  function 
found  in  animals  and  the  organic  acids  from  other  sources ;  just 
as  no  sharp  distinction  can  be  drawn  between  animal  bases  and 
vegetable  alkaloids.  A  large  number  of  the  acids  occurring  in 
the  animal  kingdom  have  been  already  considered.1  The  acids 
belonging  to  the  cyanogen-group  will  be  described  in  the  sequel. 
There  remain  a  limited  number  of  bodies  of  acid  function,  which, 
in  their  history  and  interest,  are  very  closely  associated  with  animal 
chemistry,  and  can  be  conveniently  considered  in  this  Chapter 
under  the  heads  of  "  Acids  of  Urine,"  "  Acids  of  Bile,"  and 
"  Lactic  Acids." 


ACIDS  OF  URINE. 

Of  the  acids  existing  in  urine,  either  in  the  free  state  or  as  salts, 
by  far  the  most  important  is  u  r  i  c  a  c  i  d  (page  354).  Hippuric 
acid  (page  386)  exists  in  the  urine  of  the  herbivora,  and  o  r  n  i  - 
thuric  acid  (page  386)  in  the  urinary  excrement  of  certain 
birds,  while  the  urine  of  dogs  has  been  found  to  contain  k  y  n  u  r  e  - 
n  i  c  acid  (page  355).  Glycuronic  acid  is  a  urinary  acid 
of  considerable  pathological  interest.  Urine  also  contains  various 
ethereal  sulphates,  but  the  more  important  of  these  have  already 
been  described.1  Pyrocatechol  and  other  phenoloid  bodies,  some- 
times occurring  in  urine,  were  described  in  Volume  ii. ;  while  the 
simpler  organic  acids  were  considered  in  Volume  i.1 

1  Formic,  acetic,  butyric,  valeric,  oxalic,  and  succinic  acids  were 
described  in  Volume  i.  Palmitic,  stearic,  oleic,  cerotic,  and  other  of  the 
higher  fatty  acids  were  considered  in  Volume  ii.  For  phenyl-sulphuric, 
cresyl-sulphuric,  benzoic  and  hippuric  acids,  see  Vol.  iii.  Part  i.  Indoxyl- 
sulphuric  and  skatoxyl-sulphuric  acids  are  described  on  page  302  et  scq.,  and 
oxaluric  acid  on  page  358  of  this  Part. 
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Uric   Acid.     Lithic  Acid. 

(NH.CO.C.NH) 
C6H4N408 ;  i.e.  A  \\         VCO 

(CO.XH.C.:NTH) 

Uric  acid  is  one  of  the  most  constant  and  characteristic  products 
of  tissue-metabolism  in  the  animal  organism.  In  its  formation  the 
nuclein  of  the  cell-nuclei  is  specially  concerned.  Salts  of  uric  acid 
are  invariable  constituents  of  human  urine,  the  proportion  present 
being  greatly  increased  in  cases  of  gout  and  rheumatism,  when  the 
urine  contains  large  quantities  of  acid  urate  of  sodium.1  Traces 
of  uric  acid  exist  normally  in  the  brain,  lungs,  liver,  and  spleen, 
and  uric  acid  is  also  found  in  the  saliva,  gastric  juice,  sweat,  &c. 
The  merest  trace  exists  normally  in  blood ;  but  in  cases  of  albumin- 
uria,  and  especially  of  gout,  the  proportion  becomes  very  appreciable. 
The  so-called  "  chalk-stones,"  and  other  gouty  concretions,  com- 
monly consist  of  the  sparingly  soluble  acid  sodium  urate,  while  the 
buff-coloured  sediment  which  frequently  separates  from  human 
urine  usually  consists  of  the  quadri-urate  of  sodium  or  ammonium. 
Acid  urate  of  ammonium  constitutes  the  greater  part  of  the  urinary 
excrement  of  birds  ("  guano  "),  while  that  of  serpents  and  other 
terrestrial  reptiles  contains  it  in  a  still  purer  form.  On  the 
other  hand,  uric  acid  is  nearly  absent  from  the  urine  of  herbi- 
vorous mammals,  being  replaced  therein  by  hippuric  acid,2  In 

1  The  amount  of  uric  acid  commonly  excreted  by  an  adult  is  usually  stated 
to  be  about  0'5  gramme  (8  grains)  in  the  twenty-four  hours,  but  the  results 
of  the  more  modern  methods  of  determination  .lead  to  the  conclusion  that  the 
diurnal  quantity  eliminated  under  normal  conditions  is  from  1*3  to  2*0 
grammes  (20  to  30  grains).  The  deposition  of  urates  from  urine  on  cooling 
does  not  prove  their  presence  in  the  excretion  in  excessive  amount. 

According  to  K.  Dapper  (Chem.  Centr.,  1895,  i.  163)  the  absolute  amount 
of  uric  acid  excreted  varies  greatly  in  the  same  individual  and  in  different 
people  ;  while  its  relation  to  the  total  nitrogen  of  the  urine  varies  from  23  '2 
to  122'4,  according  to  the  proportion  of  proteids  in  the  food  taken.  He  finds 
further  no  relationship  between  uric  acid  and  body- weight ;  for  100  kilo- 
grammes of  the  latter,  the  uric  acid  varies  from  0'528  to  T829  gramme. 

During  recent  years,  H  a  i  g  and  other  observers  have  shown  that  uric  acid 
has,  in  all  probability,  a  much  wider  bearing  in  pathology  than  had  previously 
been  supposed.  Its  connection  with  gout,  rheumatism,  and  stone  has  long 
been  recognised,  though  its  relation  to  these  complaints  has  been  much  mis- 
understood. Its  relation  to  other  affections  is  even  more  obscure. 

2F.  M.ittelbach  (Zeit.  physiol.  Chem.,  xii.  463  ;  abst.  Jour.  CJiem.  Soc., 
liv.  1215)  has  determined  the  uric  acid  in  the  urine  of  various  herbivorous 
animals  by  Ludwig's  method.  The  urine  of  cows  and  oxen  .contained  from 
0-008  to  0'045  gramme  per  100  c.c.,  and  uric  acid  was  also  present  in  the  urine 
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the    urine    of    dogs    it   is    replaced    by  kynurenic    and   urocanic 
^icids.1 

The  synthesis  of  uric  acid  has  been  effected2  by  Horbac- 

•of  sheep  and  horses.    The  urine  of  pigs  contained  from  0'003  to  0'030  gramme 
of  uric  acid  per  100  c.c. 

1  KYNURENIC  ACID.     C10H7N03;  i.e.,  C9H5(OH)N.COOH.     This  substance 
has  the  constitution  of  a  hydroxychinoline-carboxylic  acid.     The  acid  occurs 
•constantly  in  the  urine  of  dogs,  especially  when  fed  on  fat,  but  not  normally 
in  human  urine.    Kynurenic  acid  is  best  isolated  by  precipitating  fresh  dogs' 
urine  with  phospho-tungstic  acid  in  presence  of  hydrochloric  acid,  and  liber- 
ating the  acid  from  the  precipitate  by  treatment  with  baryta.     Or  the  dogs' 
urine  may  be  concentrated  to  about  one-third  of  its  bulk,  acidulated  with 
hydrochloric  acid,  and  allowed  to  stand  for  several  days.     On  treating  the 
precipitate  with  dilute  ammonia,  the  kynurenic  acid  dissolves,  leaving  a 
residue  of  uric  acid. 

Kynurenic  acid  crystallises  with  2  aqua  in  long  white  needles,  glittering 
quadrilateral  prisms,  and  other  very  characteristic  forms.  When  heated  to 
'  150°,  it  becomes  anhydrous,  and  melts  at  204°.  Kynurenic  acid  is  practically 
insoluble  in  cold  water,  and  requires  about  110  parts  of  boiling  water  for 
solution.  It  is  soluble  in  boiling  dilute  hydrochloric  or  sulphuric  acid,  is 
sparingly  soluble  in  hot  alcohol,  and  readily  in  dilute  ammonia.  Kynurenic 
acid  is  a  feeble  acid,  but  forms  crystallisable  salts.  It  dissolves  readily  in 
cold  caustic  alkalies,  and  on  boiling  in  sodium  carbonate  solution,  lime-water, 
and  baryta-water.  The  calcium  salt  forms  short,  sparingly  soluble,  needles, 
often  united  in  stellate  forms.  The  barium  salt  forms  plumose  groups  of 
sparingly  soluble  nacreous  needles,  or  more  frequently  curious  triangular 
crystals  of  highly  characteristic  microscopic  appearance.  (Barium  urate  is 
quite  insoluble  even  in  boiling  water.)  Carbon  dioxide  precipitates  free 
kynurenic  acid  from  a  solution  of  the  barium  salt.  From  solutions  of  soluble 
kynurenates  hydrochloric  acid  precipitates  kynurenic  acid,  soluble  in  excess. 
(Distinction  from  uric  acid.) 

When  kynurenic  acid  is  evaporated  at  100°  with  hydrochloric  acid  and  a 
crystal  of  potassium  chlorate,  a  reddish  residue  is  obtained,  which  on  addition 
of  ammonia  becomes  brownish-green  and  finally  emerald-green.  (Compare 
murexide  test,  page  360.)  Kynurenic  acid  gives  a  yellow  coloration  when  it 
is  evaporated  with  nitric  acid,  and  the  residue  treated  with  ammonia. 

When  heated  to  about  250°,  kynurenic  acid  splits  up  into  carbon  dioxide 
and  hydroxychinoline  or  kynurine,  C8H6(OH)N. 

2  Another  interesting  synthesis  of  uric  acid  has  been  effected  by  Behrend 
andRoosen  (Berichte,  xxi.  999)  by  the  reaction  of  aceto-acetic  ether  and 
urea.    From  this  synthesis  the  following  constitutional  formula,  first  proposed 
by  M  e  d  i  c  u  s,  has  been  assigned  to  uric  acid : — 

(NH— CO 
C  — NH) 
II  CO 

NH  —  C  —  NHJ 

This  formula  shows  that  uric  acid  contains  the  residues  of  two  molecules  of 
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z  ewe  ski  by  heating  glycocine  with  ten  times  its  weight  of  urea 
to  about  230°  C.  :— 


Glycocine.  Urea.  "Uric  acid.          Water.      Ammonia. 

Conversely,  when  uric  acid  is  heated  under  pressure  to  170°  with 
hydriodic  acid,  it  yields  glycocine,  ammonia,  and  carbon  dioxide. 

Uric  acid  differs  by  an  atom  of  oxygen  from  xanthine,  a 
feeble  base  of  wide  occurrence  in  both  the  animal  and  vegetable 
kingdoms,  and  the  physiological  and  pathological  relations  of 
which  are  but  little  understood.  (See  page  305  et  seq.) 

Uric  acid  is  best  obtained  by  boiling  serpents'  excrement  with 
dilute  caustic  alkali  and  treating  the  filtered  liquid  with  excess  of 
hydrochloric  acid.  On  cooling,  uric  acid  is  deposited  in  a  nearly 
pure  state.1  Or  guano  may  be  boiled  with  a  solution  of  1  part  of 
borax  in  120  of  water,  and  the  filtered  liquid  precipitated  with 
hydrochloric  acid.  Or  it  may  be  first  treated  with  dilute  hydro- 
chloric acid  to  remove  the  phosphates,  the  residue  boiled  with 
dilute  caustic  alkali,  and  the  filtered  liquid  treated  with  excess  of 
hydrochloric  acid.  Another  convenient  source  of  uric  acid  is  the 
yellowish  deposit  of  acid  urates  formed  on  urinals.  This  may  be 
boiled  with  caustic  soda  as  long  as  ammonia  is  evolved,  carbon 
dioxide  passed  through  the  filtered  liquid,  and  the  precipitated 
acid  urate  of  sodium  washed  with  cold  water,  dissolved  in  caustic 
alkali,  and  the  solution  decomposed  with  acetic  or  hydrochloric 
acid.  The  product  may  be  purified  by  dissolving  it  in  hot  caustic 
alkali,  boiling  with  a  little  permanganate  or  bichromate  of  potas- 
sium, and  filtering  the  liquid  into  excess  of  dilute  hydrochloric 
acid.  Uric  acid  may  also  be  purified  by  solution  in  concentrated 
sulphuric  acid  and  precipitation  by  addition  of  water. 

When  quite  pure,  uric  acid  forms  a  white  crystalline  powder 
without  taste  or  smell,  and  of  a  specific  gravity  ranging  from 
1*855  to  1'893.  On  heating,  it  decomposes  without  melting, 

urea,  and  explains  the  fact  that  the  decompositions  of  uric  acid  almost  in- 
variably yield  either  a  molecule  of  urea  or  some  derivative  of  urea,  together 
with  a  second  body  which  can  by  further  treatment  be  converted  into  urea. 
Many  of  the  decomposition-products  of  uric  acid  can  indeed  be  prepared 
directly  from  urea.  In  view  of  the  close  relationship  existing  between  urea 
and  uric  acid,  it  is  not  surprising  that  the  foods  which  in  the  mammal  cause 
an  increased  excretion  of  urea  in  birds  are  converted  into  uric  acid. 

1  For  the  isolation  of  uric  acid  from  birds'  excrement,  the  substance  should 
be  boiled  with  milk  of  lime  as  long  as  ammonia  is  evolved.  The  liquid  is 
filtered  boiling  hot,  when  a  filtrate  is  obtained  not  more  highly  coloured  than 
urine,  whereas  caustic  soda  or  potash  gives  a  highly  coloured  liquid.  From 
the  solution  the  uric  acid  is  precipitated  by  hydrochloric  acid. 
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•giving  off  hydrocyanic  acid  and  carbon  dioxide,  yielding  a  sub- 
limate containing  cyanuric  acid,  ammonium  cyanate  and  urea,  and 
leaving  a  carbonaceous  residue. 

When  slowly  deposited  from  dilute  solutions,  uric  acid  separates 
in  large  crystals  containing  C5H4N403+2H20.  As  obtained  by 
the  addition  of  hydrochloric  acid  to  cold  filtered  urine,  uric  acid  is 
.said  to  be  anhydrous,  but  this  statement  is  probably  erroneous. 
Dr  James  Edmunds  (in  a  communication  to  the  author)  states 
that  all  crystals  of  uric  acid  thus  obtained  effloresce  and  break  up 
•on  heating  to  95°  C.,  or  even  on  exposure  at  the  ordinary  tem- 
perature and  pressure  for  twenty-four  hours  over  sulphuric  acid. 

As  precipitated  by  adding  hydrochloric  acid  to  urine,  uric  acid 
forms  small  crystalline  scales,  which  are  very  apt  to  appropriate 
•colouring  matter.1  The  microscopic  appearance  of  uric  acid  is  very 
variable.  When  deposited  from  urine  or  other  impure  solutions, 
dumb-bell,  whetstone,  and  lozenge-like  forms  are  among  the  most 
-common  and  characteristic  (page  377,  fig.  19  A,  &  and  c).  A.  E. 
Garrod  has  shown  that  the  pigments  of  urine  are  especially  con- 
cerned in  modifying  the  forms  assumed  by  the  uric  acid,  and  that 
the  presence  of  excess  of  one  particular  pigment  will  produce  a  cor- 
responding definite  variation  in  the  form  of  the  crystals.  Dr  J. 
Edmunds  has  independently  found  that  the  forms  assumed  by 
uric  acid  greatly  depend  on  the  nature  and  amount  of  the  co- 
existing substances.  When  precipitated  from  a  solution  of  a  pure 
urate  by  addition  of  hydrochloric  acid,  uric  acid  generally  forms 
minute  transparent  rhombic  plates  (page  377,  fig.  19  A,  a).  Large 
crystals  are  obtainable  much  more  readily  from  urine  or  other 
impure  solutions  than  from  pure  urates. 

Uric  acid  is  nearly  insoluble  in  water,  requiring  15,000  parts  of 
cold  or  1800  of  boiling  water  for  its  solution.  Blarez  and 
Deniges  (Compt.  rend.,  civ.,  1847)  find  that  100  grammes  of 
water  at  0°  C.  dissolve  2*0  milligrammes  of  uric  acid;  at  10°,  3'7 ; 
at  20°,  6'0 ;  and  at  100°,  62'5  milligrammes  of  uric  acid.  Uric 
-acid  dissolves  in  glycerin,  but  in  alcohol  and  ether  it  is  quite 
insoluble.  Uric  acid  is  soluble  in  solutions  of  the  borates,  phos- 
phates, carbonates,  acetates,  and  lactates  of  potassium  and  sodium, 
but  not  in  solutions  of  the  corresponding  ammonium  salts. 

In  strong  sulphuric  acid,  uric  acid  dissolves  to  form  a  crystal- 
lisable  sulphate,  which  is  decomposed  by  water,  the  uric  acid  being 

1  Uric  acid  coloured  by  cruentin  (haematoporphyrin)  is  pink,  and  usually 
takes  the  razor-shell  shape.  Urobilin  is  stated  not  to  influence  the  colour  or 
character  of  uric  acid  crystals,  and  the  shape  is  also  unaffected  by  cruentin. 
(See  further  A.  E.  Ga  rrod,  in  Jour.  Pathol.  and  Bacteriology  for  Nov.  1895, 
page  100.) 
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precipitated  unchanged.  When  strongly  heated  with  concentrated 
sulphuric  acid,  uric  acid  is  broken  up,  the  nitrogen  being  wholly 
converted  into  ammonia. 

Hydrochloric  acid  has  neither  solvent  nor  chemical  action  on 
uric  acid  under  ordinary  circumstances  ;  but  when  heated  with 
concentrated  hydrochloric  or  hydriodic  acid  under  pressure  to 
170°,  uric  acid  is  decomposed  with  formation  of  glycocine, 
ammonia,  and  carbon  dioxide. 

By  the  action  of  oxidising  agents  on  uric  acid  a  number  of 
compounds  of  great  theoretical  interest  are  obtainable.  These 
form  two  distinct  series.  The  compounds  of  the  first  class,, 
represented  by  all  ox  an,  C4H2N204,  are  produced  by  acid 
oxidising  agents,  such  as  nitric  acid.  Those  of  the  second  class, 
of  which  all  an  to  in,  C4H6N403,  is  the  type,  result  from  the 
oxidation  of  uric  acid  in  alkaline  or  neutral  solution. 

By  treatment  with  strong  nitric  acid  in  the  cold,  uric  acid 
yields  alloxan  and  urea  :—  C5H4N403+H20  +  0  =  C4H2N204+ 
CO.(NH2)2.  Alloxan  forms  fine  colourless  crystals,  very  soluble 
in  water  and  alcohol.  The  solution  has  an  acid  reaction,  disagree- 
able astringent  taste,  and  stains  the  skin  red  or  purple  after  a 
time.  Alloxan  is  decomposed  by  alkalies,  and  by  oxidising  and 
reducing  agents.  With  ferrous  sulphate,  it  gives  a  deep  blue 
solution,  precipitated  on  addition  of  an  alkali.  By  further  oxida- 
tion, alloxan  is  converted  into  parabanic  acid,  with  evolution 
of  carbon  dioxide  :  — 

rn  f  3TH.CO  I  pn  pn  J  NH.CO  I   ,  m 

00  1  NH.CO  |  °  3  1  KH.CO  }  +  C°2 

ALLOXAN  (mesoxyl-urea).  PARABANIC  ACID  (oxalyl-urea). 

Parabanic  acid  is  also  produced  by  the  direct  treatment  of  uric 
with  moderately  strong  and  hot  nitric  acid.  It  forms  colourless 
crystals,  readily  soluble  in  water  to  a  strongly  acid  liquid.  When 
heated  with  alkalies  parabanic  acid  assimilates  the  elements  of 
water  and  yields  oxaluric  acid.1 

1OxALUBio  ACID,  N"H2.CO.NH.CO.COOH,  forms  a  white,  crystalline 
powder  of  acid  taste  and  reaction.  It  is  but  sparingly  soluble  in  cold  water. 
When  boiled  for  some  time  with  water  or  dilute  alkali  it  splits  into  urea  and 
oxalic  acid  :  — 


Ammonium  oxalurate  is  stated  to  exist  in  small  quantity  in  human  urine, 
from  which  it  can  be  extracted  by  rendering  a  large  volume  (50  litres)  of  the 
liquid  faintly  alkaline  to  litmus,  filtering  from  the  resultant  precipitate, 
and  passing  the  clear  liquid  through  a  moderate  quantity  of  animal  charcoal. 
The  charcoal  is  then  washed  with  cold  water  till  free  from  chlorides,  dried  at  a 
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Hot  dilute  nitric  acid  converts  uric  acid  into  alloxantin, 
C8H4N407,  a  body  which  is  also  produced  by  the  action  of  reducing 
agents  on  alloxan.  It  forms  colourless  crystals,  soluble  with 
difficulty  in  cold  water,  but  more  readily  at  100°.  The  solution 
reddens  litmus,  gives  with  baryta-water  a  violet  precipitate,  which 
turns  white  and  disappears  on  heating,  and  reduces  silver  nitrate. 
Moistened  with  ammonia,  or  exposed  to  ammoniacal  vapours,  allox- 
antin yields  a  magnificent  purple  colour,  due  to  the  formation  of 
ammonium  purpurate  or  m  u  r  e  x  i  d  e,  (NH4)C8H4N506.  The 
formation  of  this  body  furnishes  a  delicate  and  characteristic  test 
for  uric  acid  (see  page  360). 

Chlorine  and  bromine  convert  uric  acid  at  ordinary  temperatures 
into  urea  and  alloxan.  On  heating,  parabanic  and  oxalic  acids 
are  also  produced.  Hypobromites  and  hypochlorites  cause  the 
evolution  of  a  portion  of  the  nitrogen  of  uric  acid  in  a  gaseous 
state,  but  the  reaction  does  not  appear  sufficiently  definite  to  serve 
as  a  means  of  determining  uric  acid. 

When  oxidised  in  alkaline  solution,  by  potassium  permanganate 
or  ferricyanide,  uric  acid  yields  carbon  dioxide  and  allantoi'n, 
g.1  By  avoiding  all  rise  of  temperature,  filtering,  neutral- 


gentle  heat,  and  boiled  with  alcohol.  The  alcoholic  liquid  is  filtered,  evaporated 
on  the  water-bath,  the  residue  exhausted  with  tepid  water,  and  the  brownish 
liquid  evaporated  to  a  syrup.  On  standing  in  the  cold,  ammonium  oxalurate 
gradually  separates  in  crystals,  which  should  be  washed  with  absolute  alcohol, 
and  recrystallised  from  boiling  water. 

If  a  drop  of  a  solution  of  pure  ammonium  oxalurate  be  allowed  to  evaporate, 
the  salt  appears  under  the  microscope  in  the  form  of  long  pointed  prisms, 
which  reunite  to  form  double  hoops  or  rosettes.  If  the  salt  be  impure,  the 
hoops  remain  small  and  form  globules  armed  with  fine  needles. 

If  a  solution  of  ammonium  oxalurate  be  treated  with  nitric  acid,  oxaluric 
acid  crystallises  out  after  a  time  dependent  on  the  concentration.  The 
crystals  gradually  disappear,  and  the  liquid  then  contains  urea  nitrate,  the 
characteristic  crystalline  forms  of  which  can  be  observed  by  evaporating  a 
drop  and  examining  the  residue  under  the  microscope. 

A  moderately  concentrated  solution  of  ammonium  oxalurate  gives  no  pre- 
cipitate with  calcium  chloride  and  ammonia,  but  on  heating  the  liquid  it 
becomes  turbid  even  before  the  boiling-point  is  reached,  and  ultimately  an 
abundant  precipitate  of  calcium  oxalate  is  formed. 

Ammonium  oxalurate  gives  no  immediate  precipitate  with  silver  nitrate, 
but  after  a  time  silver  oxalurate  separates  in  fine  needles,  which  do  not 
blacken  in  the  light,  and  dissolve  in  ammonia  to  a  solution  not  reduced  by 
boiling. 

I  "NTTT  PO 

1  ALLANT01N.     CO  j  j^i.JJH.C.NH, 

Allantoin  is  the  diureiide  of  glyoxylic  acid.  It  is  the  characteristic  con- 
stituent of  the  allantoic  fluid,  especially  that  of  the  calf,  is  found  in  foetal 
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ising  with  acetic  acid,  and  allowing  the  liquid  to  stand  for  twenty- 
four  hours,  crystals  of  allantom  are  obtained  in  nearly  theoretical 
proportion. 

When  suspended  in  pure  water,  uric  acid  remains  unchanged  for 
a  long  time,  but  the  addition  of  a  very  small  quantity  of  ferment- 
ing urine  causes  its  rapid  and  complete  decomposition  in  hot 
weather,  with  formation  of  ammonium  carbonate  and  other  com- 
pounds. 

DETECTION  AND  DETERMINATION  OP  URIC  ACID. 

Uric  acid  is  commonly  separated  in  the  free  state  by  adding 
excess  of  hydrochloric  acid  to  its  solution.  When  separated  from 
urine  in  this  manner,  it  forms  a  coloured  deposit  which  adheres  to 
the  sides  of  the  glass.1  The  best  mode  of  operating  is  described 
in  the  sequel. 

When  isolated,  uric  acid  is  readily  identified  by  its  microscopic 
appearance,  though  the  forms  it  assumes  are  very  numerous  (see 
page  377). 

A  highly  characteristic  and  delicate  reaction  of  uric  acid  is  that 
known  as  the  "murexide  test,"  which  is  based  on  the  behaviour 
of  uric  acid  on  oxidation.  If  uric  acid,  a  urate,  or  even  urine  be 
treated  with  a  few  drops  of  strong  nitric  acid,  and  the  liquid 
evaporated  to  dryness  in  porcelain  at  100°,  a  yellowish  or  red 

urine  and  amniotic  fluid,  and  occurs  in  the  urine  of  many  animals  shortly 
after  birth,  disappearing  at  a  later  period.  It  appears  in  the  urine  after  inter- 
nal administration  of  uric  acid,  and  has 
been  found  in  the  young  leaves  of  the 
plane- tree.  Allantoin  forms  shining 
colourless  prisms  of  characteristic  micro- 
scopic appearance  (fig.  18).  It  is  soluble 
in  160  parts  of  cold  water,  more  readily 
in  hot  water  or  hot  alcohol,  but  is  in- 
^-7^""'s\  soluble  in  cold  alcohol  or  in  ether.  Allan - 
C\  \  ^^  ^°^n  ^as  a  neu*ra^  reaction,  combines  with 

r\  V    W^^^  metallic  oxides,  and  is  soluble  in  solu- 

\\   ™       j^  tions  of  alkaline  carbonates.     It  reduces 

Fehling's  solution  on  prolonged  boiling, 
and  is  precipitated  by  the  nitrates  of 
silver  and  mercury,  which  facts  may  be 
employed  for  its  isolation.  With  fur- 
furol  and  hydrochloric  acid,  it  behaves 

like  urea,  but  the  coloration  is  less  in- 
Fig.  18.— ALLANTOIN. 


toin  is  best  characterised  by  its  crystalline  form. 

1  A  drop  of  fresh  urine,  mixed  with  hydrochloric  acid,  may  be  observed 
under  the  microscope  to  deposit  uric  acid  crystals  in  the  course  of  a  few 
minutes. 
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residue  will  be  obtained,  which  owes  its  colour  to  the  forma- 
tion of  alloxantin,  C8H6N408.  On  inverting  the  capsule  over 
another  containing  ammonia,  or  otherwise  subjecting  the  residue 
to  amnioniacal  vapours,  it  acquires  a  magnificent  purple  colour, 
owing  to  the  formation  of  murexide  or  ammonium  purpurate, 
NH4.C8H4N606.  On  now  adding  caustic  soda,  the  purple  becomes 
-changed  to  blue,  the  colour  disappearing  on  warming.  Somewhat 
analogous  reactions  are  given  by  caffeine,  theobromine,  guanine, 
•and  xanthine,  but  the  differences  do  not  allow  of  their  confusion 
with  uric  acid. 

The  nitric  acid  prescribed  in  the  above  test  may  be  advan- 
tageously replaced  by  bromine-water,  or  the  material  to  be  tested 
may  be  evaporated  with  a  few  drops  of  strong  hydrochloric  acid 
•and  a  minute  crystal  of  potassium  chlorate. 

Uric  acid  is  completely  precipitated  from  its  solutions  by 
phospho-tungstic  acid  in  presence  of  hydrochloric  acid. 

If  uric  acid  be  dissolved  in  a  solution  of  sodium  carbonate,  and 
a  drop  of  the  liquid  placed  on  filter  paper  previously  moistened 
^with  silver  nitrate,  a  yellow,  brown  or  black  spot  will  be  produced, 
owing  to  the  fact  that  silver  carbonate  is  reduced  by  uric  acid  even 
at  the  ordinary  temperature. 

On  adding  a  little  Fehling's  solution  to  a  solution  of  uric  acid 
in  caustic  soda,  a  greyish  precipitate  is  formed,  which  is  said  to 
consist  of  cuprous  urate ;  but  with  excess  of  the  reagent,  and  on 
application  of  heat,  red  cuprous  oxide  separates,  and  allantoin  is 
formed. 

Uric  acid  does  not  reduce  a  hot  alkaline  solution  of  picric  acid. 
This  fact  distinguishes  it  from  creatinine,  glucose,  and  other  normal 
and  occasional  constituents  of  urine  which  react  with  Fehling's 
solution. 

For  the  detection  of  traces  of  uric  acid  in  blood  or  similar 
liquids,  from  150  to  300  c.c.  should  be  boiled,  so  as  to  coagulate 
albumin,  and  filtered.  The  filtrate  is  evaporated  at  100°  C.,  and 
the  residue  completely  exhausted  with  alcohol.  The  insoluble 
portion  is  then  boiled  with  water,  which  will  dissolve  any  urates 
present.  The  solution  is  cautiously  concentrated,  and  acetic  acid 
added  in  excess,  when  uric  acid,  if  present,  will  gradually  separate, 
and  can  be  recognised  by  its  microscopic  characters  and  its  reac- 
tion with  nitric  acid. 

If  the  quantity  of  liquid  available  for  the  test  be  very  small, 
5  or  10  c.c.  may  be  treated  in  a  watch-glass  with  6  to  12  drops 
of  strong  acetic  acid,  and  a  cotton-thread  introduced.  After  stand- 
ing for  twenty-four  hours  in  the  cold,  microscopic  crystals  of  uric 
.acid  may  be  detected  on  the  thread. 
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For  the  determination  of  uric  acid  in  urine,  the  usual  plan  is  to- 
mix  300  c.c.  of  the  fluid  with  15  to  20  c.c.  of  strong  hydrochloric 
acid,  and  allow  it  to  stand  in  the  cold  for  thirty-six  to  forty-eight 
hours,  when  the  liquid  will  be  covered  with  small  brownish,  reddish,, 
or  violet  crystals  of  uric  acid,  and  similar  crystals  will  be  found 
deposited  on  the  sides  and  bottom  of  the  glass.  Examined  under 
the  microscope,  the  crystals  mostly  present  the  forms  shown  in- 
fig.  19B,  page  377. 

The  precipitate  should  be  collected  on  a  smooth  filter,  washed 
twice  with  cold  water,  then  washed  with  spirit  till  free  from  acid, 
dried  at  100°,  and  weighed  on  the  filter.  Or  instead  of  drying 
the  uric  acid  on  the  filter,  it  may  be  washed  off  with  hot  water, 
the  liquid  evaporated  in  porcelain,  and  tho  residue  weighed. 

It  is  desirable  to  concentrate  the  urine  by  evaporation  before 
employing  the  foregoing  process.  According  to  A.  Petit,  it  is 
not  necessary  to  allow  so  long  a  time  for  the  separation  of  the 
uric  acid.  He  strongly  agitates  200  c.c.  of  the  urine  with  5  c.c. 
of  fuming  hydrochloric  acid  for  five  minutes,  and  then  allows 
the  liquid  to  stand  one  hour.  The  precipitate  is  collected  on  a 
double  weighed  filter,  dried  at  100°,  and  weighed.  Any  ash  left  on 
ignition  should  be  deducted  from  the  weight  of  uric  acid  obtained. 

Instead  of  treating  the  urine  at  once  with  hydrochloric  acid,  it 
is  often  desirable  to  boil  the  liquid  or  substance  with  milk  of  lime 
as  long  as  ammonia  is  evolved,  and  treat  the  filtered  liquid  with 
hydrochloric  acid  as  above. 

In  using  the  hydrochloric  acid  method  of  precipitating  uric 
acid,  a  correction  of  0'0038  gramme  should  be  made  for  every 
100  c.c.  of  mother-liquor  and  aqueous  washings.  Even  then  the 
method  is  liable  to  give  results  which  are  often  considerably  below 
the  truth,  and  are  responsible  for  the  low  figures  for  uric  acid 
excretion  quoted  in  many  text-books.  But  under  the  most  favour- 
able circumstances,  and  however  carefully  the  process  be  con- 
ducted, the  separation  of  the  uric  acid  is  incomplete,  and  the 
results  consequently  below  the  truth. 

A  preferable  method  of  isolating  the  uric  acid  from  urine 
is  that  based  on  the  insolubility  of  the  acid  ammonium  urate, 
C5H3(N~H4)N403,  in  a  solution  of  ammonium  chloride  or  sulphate. 
In  the  original  process,  which  is  due  to  A.  P.  Fokker  (abst.  Jour. 
Chem.  Soc.,  xxviii.  1293;  see  also  Salkowski,  Fresenius  Zeit- 
schrift,  xvi.  371),  only  a  limited  amount  of  ammonium  sulphate 
was  used,  and  hence  a  considerable  correction  was  necessary  for 
the  solubility  of  the  acid  urate;  but  F.  Gowland  Hopkins 
(Chem.  News,  Ixvi.  106)  has  pointed  out  that  by  saturating  the 
liquid  with  ammonium  chloride  no  such  correction  is  required. 
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and  the  time  necessary  for  complete  precipitation  is  much  reduced. 
Hopkins  prescribes  the  following  procedure  : — 

To  100  c.c.  (or  4  fluid  ounces)  of  urine,  finely  powdered 
ammonium  chloride  is  added  in  excess,1  about  30  grammes  (1  oz.) 
being  necessary.  When  a  small  quantity  of  the  salt  remains  un- 
dissolved,  even  after  brisk  stirring  at  intervals  of  a  few  minutes, 
saturation  is  sufficiently  complete,  even  if  complete  solution  occurs 
when  the  liquid  recovers  from  the  depression  of  temperature 
caused  by  the  solution  of  the  ammonium  chloride.  The  liquid 
is  allowed  to  stand  for  two  hours  with  occasional  stirring,  and  is 
then  passed  through  a  thin  filter  and  washed  twice  with  a  satu- 
rated solution  of  ammonium  chloride.  When  time  is  an  object^ 
the  urine  may  be  made  alkaline  with  ammonia  after  saturation 
with  ammonium  chloride.  The  phosphates  which  are  thus  pre- 
cipitated with  the  acid  ammonium  urate  occasion  no  inconvenience, 
while  precipitation  is  complete  in  ten  minutes. 

When  a  normal  acid  urine  is  saturated  with  pure  ammonium 
chloride,  the  precipitate  of  acid  ammonium  urate,  after  being 
washed  with  the  cold,  saturated  solution  of  ammonium  chloride, 
yields  a  mere  trace  of  ash  on  ignition,  showing  that  no  mineral 
salts  are  carried  down.  Of  the  ordinary  constituents  of  urine, 
uric  acid,  xanthine,  and  certain  pigments  appear  to  be  the  only 
bodies  precipitated.  Xanthine  is  thrown  down  still  more  com- 
pletely from  ammoniacal  solutions,  but  it  is  left  in  solution  when 
the  ammonium  urate  is  subsequently  decomposed  by  hydrochloric 
acid.  Hypoxantliine  and  creatinine  are  not  precipitated  by  am- 
monium chloride.  Certain  pigments  are  thrown  down,  so  that  the 
precipitate  is  always  more  or  less  coloured.  Hcemato-porphyrin,  in 
particular,  is  very  perfectly  precipitated,  but  remains  in  solution 
when  the  urate  is  subsequently  decomposed  by  acid. 

The  acid  ammonium  urate,  isolated  in  the  foregoing  manner,, 
admits  of  several  alternative  treatments,  as  follow  : — 

1.  When  it  is  desired  to  determine  the  uric  acid  by  weight,  the 
precipitate  is  rinsed  off  the  filter  with  a  jet  of  hot  water,  and  the 
liquid  heated  just  to  boiling  with  excess  of  dilute  hydrochloric 
acid.  The  liquid  is  thoroughly  cooled  and  allowed  to  stand  for 
two  hours.  It  is  then  filtered  on  to  a  smooth  filter,  and  the  crystals 
of  uric  acid  washed  twice  with  cold  water,  then  with  alcohol  till 
the  washings  are  no  longer  acid,  dried  at  100°  C.,  and  weighed. 

1  When  it  is  intended  subsequently  to  decompose  the  precipitate  by  hydro- 
chloric acid  and  weigh  the  liberated  uric  acid,  it  is  essential  that  the  ammo- 
nium chloride  used  should  dissolve  to  an  absolutely  clear  solution  in  water, 
since  the  quantity  employed  is  very  large  relatively,  and  any  insoluble 
matter  would  seriously  vitiate  the  estimation  of  uric  acid. 
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To  the  weight  of  uric  acid  thus  obtained  O'OOl  gramme  should  be 
added  for  every  15  c.c.  (=  J  oz.)  of  mother-liquor,  the  bulk  of 
which  need  never  exceed  30  c.c. ;  but  no  correction  need  be  made 
for  the  insignificant  trace  of  uric  acid  dissolved  by  the  aqueous 
and  alcoholic  washings.  The  uric  acid  thus  isolated  is  usually 
only  slightly  coloured  and  is  practically  pure.  When  derived 
from  highly  pigmented  urines,  the  uric  acid  may  retain  so  much 
colouring  matter  as  to  suggest  the  presence  of  an  amount  of  im- 
purity sufficient  to  vitiate  the  result.  In  such  case,  after  washing 
the  precipitate  of  acid  ammonium  urate  off  the  filter,  rectified  spirit 
equal  in  bulk  to  the  water  present  should  be  added,  and,  after 
adding  hydrochloric  acid,  the  beaker  should  be  covered  and  heated 
for  some  time  on  the  water-bath. 

Instead  of  weighing  the  uric  acid  isolated  in  the  foregoing 
manner,  it  may,  if  preferred,  be  dissolved  in  a  little  hot  solu- 
tion of  sodium  carbonate,  and  the  liquid  treated  by  process 
3  or  4. 

2.  The  precipitate  of  acid  ammonium  urate  having  a  perfectly 
•definite  composition,  it  may  be  titrated  with  standard  alkali  and 
an  indicator  giving  no  reaction  with  uric  acid.     Such  an  indicator 
exists  in  methyl-orange.     The  precipitate  from  200  c.c.  of  urine  is 
treated  with  a  known  measure,  e.g.,  20  c.c.,  of  decinormal  hydro- 
chloric  or  sulphuric   acid,   the   liquid  boiled  for  some   minutes, 
cooled,  diluted  to  200  c.c.,  a  few  drops  of  a  1   per  cent,  aqueous 
solution   of   methyl-orange   added,   and   ^Q-normal   caustic   soda 
(  =  2'0  grammes  of  NaHO  per  litre)  dropped  in  from  a  burette 
until  the  orange  colour  of  the  acid  liquid  becomes  yellow,  which 
change  indicates  the  point  of  neutrality.     The  difference  between 
the  volume  of  acid  employed  and  that  of  the  alkali  required  to 
neutralise  it  represents  the  ammonia  of  the  precipitate,  uric  acid 
having    no    action  on    methyl-orange.       Each    centimetre    of  -^ 
solution  of  soda  shows  the  presence  of  0'0084  gramme  of  uric 
acid. 

3.  An  alternative  plan,  when  the  acid  urate  of  ammonium  is 
not  very  strongly  coloured,  is  to  rinse  the  precipitate  off  the  filter 
with  hot  water,  cool  the  solution,  and  dilute  it  with  distilled  water 
to  100  c.c.     Twenty  c.c.  of  pure  concentrated  sulphuric  acid  is 
then  added,  so  as  to  acidify  the  liquid  and  raise  its  temperature  to 
about  60°  C.  (=140°  F.),  and  then  a  standard  solution  of  potas- 
sium permanganate  is  run  in,  till  the  liquid  acquires  a  pink  tint 
surviving  agitation  and  lasting  some  seconds.     Further  decolorisa- 
tion    may   occur   on   standing,  but   this    should   be    disregarded. 
Each  centimetre  of  ^-normal  permanganate  (  =  1'578  gramme  of 
3£Mn04  per  litre)  decolorised  represents  0'00375  gramme  of  uric 
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acid.1  F.  G.  Hopkins  strongly  recommends  this  process  (Jour. 
Path,  fy  Bacteriology ',  June  1893).  When  it  is  intended  to  titrate 
the  acid  ammonium  urate  with  standard  permanganate  in  the  above 
manner,  it  is  very  desirable  to  wash  the  precipitate  with  a  saturated 
solution  of  ammonium  sulphate,  instead  of  ammonium  chloride, 
since  the  latter  salt  somewhat  affects  the  accuracy  of  the  titration. 
The  same  method  of  titration  by  permanganate  may  be  applied 
to  the  uric  acid  isolated  in  process  1,  after  simply  dissolving  it  in 
a  little  hot  solution  of  sodium  carbonate. 

E.  Riegler  (Zeit.  anal  Chem.,  1896,  xxxv.  31 ;   abst.  Jour. 
CJiem.  Soc.,  1896,  ii.  277)  boils  the  acid  ammonium  urate  with 
Fehling's    solution,  and    estimates  the  copper   in  the  precipitate 
obtained. 

4.  Bayrac  (Compt.   rend.,    ex.   352)  determines  uric  acid  by 
evaporating  50  c.c.  of  the  urine  to  dryness  at  100°  C.,  treating  the 
residue  with  10  c.c.  of  dilute  hydrochloric  acid  (1  :  5),  and  washing 
with  alcohol  to  remove  urea  and  creatinine.     The  residue  is  dis- 
solved on  the  water-bath  in  20  drops  of  caustic  soda  solution,  and 
heated  to  90°  or  100°  C.  with  15  c.c.  of  a  concentrated  solution  of 
sodium  hypobromite  in  the  apparatus  for  estimating  urea  shown  in 
fig.  10,  page  268.     2  2 '3 8  c.c.  of  nitrogen  measured  at  0°  C.  and 
760  mm.  barometric  pressure,  or  23*55  c.c.  at  the  ordinary  tempera- 
ture and  pressure,  are  said  to  represent  0'084  gramme  of  uric  acid. 

Experiments  made  in  the  author's  laboratory  to  test  the  possi- 
bility of  estimating  uric  acid  by  measuring  the  amount  of  nitrogen 
evolved  on  treatment  with  alkaline  hypobromite  have  not  yielded 
encouraging  results,  the  reaction  being  subject  to  variations  from 
causes  not  yet  understood. 

5.  Uric  acid  can  be  determined  by  heating  it  with  concentrated 
sulphuric  acid,  and  determining  the  ammonia  by  treatment  with 
hypobromite    or    distillation    with   alkali.      The    method   can  be 
applied  to  a  uric  acid  precipitate. 

F.  W.  Pavy  (Trans.  Royal  Med.  and  Ghirurg.  Soc.,  London)  has 
proposed  to  determine  uric  acid  volumetrically  by  an  ammoniacal 
cupric  solution,  in  the  manner  so  successfully  employed  for  glucose. 
Pavy  finds  the  weight  of  uric  acid  requisite  to  decolorise  20  c.c.  of 
the  ammoniated Fehling's  solution  to  be  0'01866  gramme,  a  quantity 

1  This  factor  is  due  to  F.  G.  Hopkins,  as  the  result  of  experiment.  As 
it  corresponds  to  no  simple  reaction,  the  process  has  been  investigated  in  the 
author's  laboratory.  The  first  results  on  pure  uric  acid  were  not  very  constant 
ranging  from  96  to  104  per  cent,  of  the  truth,  but  on  taking  as  the  end-reac- 
tion the  point  at  which  the  permanganate  ceased  to  be  instantly  decolorised, 
much  closer  figures  were  obtained.  When  the  titration  was  conducted  at  a 
boiling  heat,  instead  of  at  60°  C.,  the  results  were  higher. 
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corresponding  to  the  ratio  C5H4N403  :  3CuO.  Other  chemists  have 
found  the  reducing  power  of  uric  acid  on  Pavy's  solution  to  vary 
so  greatly  with  the  time  occupied  in  conducting  the  titration  and 
other  working  conditions  as  to  render  the  results  of  very  little  value. 

J.  B.  Haycraft  (Brit.  Med.  Jour.,Dec.  1885)  has  described 
a  process  for  determining  uric  acid  dependent  on  its  precipitation  as 
silver  urate,  insoluble  in  water,  ammonia,  or  acetic  acid,  on  adding 
a  solution  of  ammonio-nitrate  of  silver.  Haycraft  redissolves  the 
precipitate  in  dilute  nitric  acid,  and  determines  the  silver  in  the 
solution  by  Volhard's  thiocyanate  method.1  Czapek  prefers  to 
determine  the  excess  of  silver  present  in  the  filtrate,  and  Deniges 
(Bull.  Soc.  CJiim.,  [3],  xi.  226)  has  described  a  process  on  the 
same  principle.  Both  modifications  of  the  method  assume  the 
composition  of  the  precipitate  to  be  constantly  Ag2Ur,  which  is 
denied  by  Salkowski.  It  is  admitted  that  the  silver  urate  is 
unstable,  metallic  silver  gradually  separating,  but  it  is  found  by 
Haycraft  and  confirmed  by  Herrmann  that  if  the  urine  be  treated 
with  bicarbonate  of  sodium  and  then  ammonia  before  adding  the 
amrnoniacal  silver  solution,  this  source  of  error  is  insignificant, 
especially  if  the  troublesome  filtration  of  the  gelatinous  precipitate 
of  silver  urate  be  hastened  by  the  use  of  an  asbestos-filter  and  a 
filter-pump.  Bodies  of  the  xanthine-group  are  precipitated  by 
.the  arnmonio-silver  nitrate  together  with  uric  acid,  so  that  the 
results  obtained  are  somewhat  above  the  truth ;  but  the  method  is 
fairly  rapid  and  simple,  and  appears  to  be  well  suited  for  comparative 
clinical  observations.  The  presence  of  sugar  or  albumin  in  the 
:  urine  does  not  interfere. 

E.  Salkowski  (Pfliiger's  Archiv.,  v.  210)  found  that  the  uric 
acid  of  urine  was  not  completely  precipitated  by  hydrochloric  acid, 
and  that  a  further  amount  could  be  obtained  from  the  filtrate  by 
adding  arnmonio-silver  nitrate.  The  precipitate  consisted  of  a 
double  urate  of  silver  and  magnesium.  If  the  amount  of  the  latter 
metal  present  was  insufficient  to  the  double  salt,  unreliable  figures 
were  obtained,  since  silver  urate  itself  either  does  not  exist  or  is 
very  unstable  and  of  variable  composition.  Accordingly,  in  com- 
pliance with  a  suggestion  of  Salkowski's,  E.  Ludwig  (Chem. 
Central!}.,  1885,  page  523)  precipitates  the  urine  with  a  mixture 
of  ammoniacal  nitrate  of  silver  and  magnesia  mixture. 

The  precipitate,  which  contains  all  the  phosphoric  acid  as 
ammonio-magnesium  phosphate,  and  the  uric  acid  as  silver-mag- 
nesium urate,  is  washed  with  very  dilute  ammonia  and  then 
decomposed  by  10  c.c.  of  a  warm  dilute  solution  of  potassium 

1  1  c.c.  of  centinormal  solution  of  thiocyanate  required  by  the  silver  of  the 
precipitate  represents  0  '00168  gramme  of  uric  acid. 
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sulphydrate.  The  resultant  solution  of  potassium  urate  is  filtered 
off,  slightly  acidulated  with  hydrochloric  acid,  and  evaporated  to  a 
small  bulk  on  the  water-bath.  The  uric  acid  which  separates  on 
cooling  is  filtered  on  to  glass  wool,  washed  with  cold  water, 
•dried  at  110°  C.,  freed  from  sulphur  by  treatment  with  carbon 
•disulphide,  and  weighed. 

F.  G.  Hopkins  has  pointed  out  (Chem.  Neivs,  Ixvi.  107)  that 
treatment  with  a  hot  solution  of  alkaline  sulphide  is  liable  to 
decompose  a  portion  of  the  uric  acid.  E.  Groves  has  proposed  to 
decompose  the  silver  urate  with  potassium  iodide  instead  of  with 
sulphide.  Hopkins  finds  this  plan  to  give  too  low  results,  owing  to 
the  action  of  traces  of  free  iodine  on  the  uric  acid  when  the  filtrate 
is  acidulated  with  hydrochloric  acid.  But  any  error  from  this 
cause  could  be  readily  avoided  by  adding  a  little  sodium  sulphite, 
thus  preventing  the  liberation  of  free  iodine. 

As  the  result  of  an  investigation  of  the  foregoing  methods  of  de- 
termining uric  acid,  W.  Camerer  (Zeit.  Biol.,  xxvi.  84;  Jour. 
Chem.  >Soc.,  Ivi.  1040)  proposes  the  following  process  : — The  urine 
of  twenty-four  hours,  as  fresh  as  possible  and  preferably  free  from 
deposits,  is  mixed  with  a  known  measure  of  very  dilute  caustic 
soda  solution  and  the  precipitate  of  phosphates  filtered  off.  The 
filtrate  is  diluted  to  a  gravity  of  about  1010,  or  less  if  rich  in  uric 
acid,  and  300  c.c.  treated  with  50  c.c.  of  a  magnesia  mixture  made 
from  1  part  of  crystallised  magnesium  sulphate,  2  of  ammonium 
chloride,  4  of  ammonia  of  0*924  sp.  gravity,  and  8  parts  of  water. 
.The  liquid  is  filtered,  .and  one-half  (  =  175  c.c.)  of  the  filtrate 
(avoiding  the  first  portions)  is  treated  with  about  0*5  gramme  of 
finely  divided  calcium  carbonate  and  5  c.c.  of  a  three  per  cent, 
solution  of  silver  nitrate.  After  ascertaining  that  the  silver  solu- 
tion has  been  added  in  excess,  the  precipitate  is  filtered  off,  washed 
free  from  silver  and  chlorides,  and  dried.  It  is  then  treated  by 
KjeldahFs  method  for  the  estimation  of  nitrogen,  and  the  uric  acid 
calculated  from  the  result  obtained. 

Arthaud  and  Butte  have  described  a  process  of  estimating 
uric  acid  based  upon  its  precipitation  by  a  standard  solution  of 
cuprous  thiosulphate.  P.  Ducong  has  described  a  slightly 
modified  form  of  the  same  process  (llunion  pharm.,  July  1893, 
page  3299).  P.  Balke  (Jour,  prakt.  Chem.,  [2],  xlvii.  537)  states 
that  the  method  is  feasible  when  the  pure  substance  is  available, 
"but  is  valueless  for  the  examination  of  urine. 

Urates. 

Uric  acid  is  a  feeble  acid  which  is  usually  stated  to  possess  a 
dibasic  function.  But  it  was  shown  by  Bence  Jones  (Jour. 
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Chem.  Soc.,  xv.  201),  and  has  been  confirmed  more  recently  by 
Sir  Wm.  Roberts  (Croonian  Lectures,  1892),  that  a  third  series 
of  urates  exist  and  have  great  physiological  significance.  The  salts 
of  the  formula  M2C5H2N403,  commonly  called  neutral  or  normal 
urates,  dissolve  readily  in  water,  and  are  exclusively  laboratory- 
products,  not  being  met  with  in  the  animal  system  under  either 
healthy  or  pathological  conditions.  The  add  urates,  or  "  bi-urates," 
of  the  formula  MH(C5H2N403)  are  very  sparingly  soluble,  and  exist 
in  the  urine  only  after  it  has  undergone  ammoniac  al  fermentation. 
They  are  known  pathologically  as  components  of  gouty  concretions- 
in  the  tissues,  but  it  is  questionable  if  they  ever  exist  physiologi- 
cally in  the  blood  or  tissues.  The  third  class,  or  "  quadri-urates,"' 
have  the  composition  MH(C5H2N"403),H2(C5H2N403).  They  are 
more  soluble  than  the  bi-urates,  and  are  specially  the  physiological 
combinations  of  uric  acid.  They  exist  normally  in  the  urine,  and 
probably  also  in  the  blood,  and  constitute  the  whole  of  the  urinary 
excretion  of  birds  and  serpents.  Roberts  considers  that  all  the 
morbid  phenomena  due  to  uric  acid  probably  arise  from  secondary 
changes  in  the  quadri-urates. 

QUADRI-URATES,  MHUr,H2Ur,  usually  present  themselves  as 
amorphous  powders,  but  the  spheres  of  birds'  and  serpents'  urine 
are  distinctly  crystalline,  and  display  a  black  cross  when  examined 
by  polarised  light.1  These  forms  are  permanent  in  the  air  if  kept 
perfectly  dry,  but  readily  assume  a  gelatinous  character,  and  then 
appear  under  the  microscope  as  large  translucent  globules.  The 
quadri-urates  are  difficult  to  obtain  pure.  When  produced  arti- 
ficially, they  are  apt  to  be  mixed  with  free  uric  acid  or  bi-urates, 
and  when  prepared  from  urine  to  be  contaminated  with  pigments- 
and  traces  of  extraneous  saline  matters.  Roberts  prepares  potassium 
quadri-urate  by  adding  2  grammes  of  uric  acid  to  a  boiling  solution 
of  9  grammes  of  potassium  acetate  in  300  c.c.  of  water.  The 
liquid  is  agitated  for  about  a  minute,  filtered  hot,  and  cooled 
rapidly  in  a  stream  of  cold  water.  The  voluminous  precipitate 
which  forms  is  filtered  off,  washed  in  succession  with  rectified  spirit 
and  absolute  alcohol,  and  dried  at  a  temperature  not  exceeding 
40°  C.  The  results  of  the  analysis  of  the  product  obtained  agree 
well  with  the  formula  KH(C5H?N403),H2(C5H2N403).  Other 
quadriurates  can  be  obtained  by  similar  means,  but  they  are  less 
stable  than  the  potassium  salt. 

The  quadri-urates  are  insoluble  in  alcohol,  ether,  chloroform, 
glycerin,  and  volatile  oils,  and  cannot  be  dissolved  without  change 
in  any  simple  menstruum.  When  treated  with  hot  water,  they 
pass  momentarily  into  solution,  but  are  almost  immediately  decom- 
1  SeeEbstein  and  Nicolaier,  abst.  Jour.  Chem.  Soc.,  1891,  page  760. 
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posed  into  bi-urate  and  free  uric  acid.  The  same  decomposition 
is  effected  by  neutral  saline  solutions,  but  in  this  case,  and  notably 
with  a  solution  of  common  salt,  the  decomposition  is  greatly  re- 
tarded. When  treated  with  solutions  of  alkaline  carbonates,  or 
disodium  hydrogen  phosphate,  the  quadri-urates  are  converted  into 
bi-urates.  In  healthy  urine  of  feeble  acid  reaction  the  quadri-urates 
dissolve  unchanged,  but  the  solution  undergoes  gradual  but  complete 
decomposition,  with  ultimate  separation  of  the  whole  of  the  uric  acid 
in  a  free  state.  This  change  is  retarded  in  normal  urine  by  the  salts 
and  colouring  matters  present(urea  has  no  influence),  but  occurs  with 
the  greater  facility  the  larger  the  proportion  of  free  acid  there  is  present. 
In  studying  the  action  of  water  on  quadri-urates,  Sir  W. 
Roberts  recommends  that  about  0*4  gramme  of  the  dried  deposit 
should  be  stirred  up  with  400  c.c.  of  distilled  water,  the 
mixture  heated  nearly  to  the  boiling-point  until  solution  is  com- 
plete, and  then  left  at  rest  for  forty-eight  hours.  The  supernatant 
liquid  is  then  syphoned  off  and  the  remainder  passed  through  a 
weighed  filter.  The  crystals  of  uric  acid  are  washed  very  sparingly 
with  cold  water,  then  more  freely  with  rectified  spirit,  dried,  and 
weighed.1  A  correction  of  0'0055  gramme  per  100  c.c.  of  mother- 
liquor  is  applied  to  compensate  for  the  solubility  of  the  uric  acid 
in  cold  water.  The  decanted  liquid,  filtrate,  and  washings  are 
mixed  together,  and  the  mixed  liquid  heated  nearly  to  boiling, 
strongly  acidulated  with  hydrochloric  acid,  and  allowed  to  stand 
forty-eight  hours  as  before. 

By  the  foregoing  method,  Roberts  obtained  the  following  figures 
from  two  specimens  of  quadri-urate  prepared  by  the  potassium 
acetate  process: — 

Sample  A.  Sample  B. 

Uric  acid  separated  by  water 

(corrected  for  solubility),  0*080  gramme.         0*164  gramme. 

Uric  acid  dissolved  as  bi-urate,      0*077       ,,  0'159       ,, 

These  results  sufficiently  establish  the  existence  of  the  quadri- 
urate  and  the  manner  of  its  decomposition  by  water. 

The  decomposition  of  sodium  quadri-urate  under  the  influence 
of  water  can  be  conveniently  observed  by  filtering  off  the  buff- 
coloured  sediment  deposited  by  healthy  urine,  washing  it  thoroughly 
with  cold  rectified  spirit,  and  drying  it  at  a  blood-heat.  When 
the  quadri-urate  thus  purified  is  mixed  with  a  considerable  volume 
of  water  it  is  speedily  disintegrated,  a  portion  passing  into  solution 
in  combination  with  the  bases,  and  the  remainder  falling  as  an 
insoluble  precipitate  of  crystalline  uric  acid.  The  change  is 

1  It  is  evident  that  the  modified  methods  of  determining  uric  acid,  described 
on  page  363  et  seq.,  may  with  advantage  be  employed  here. 
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readily  observed  under  the  microscope  by  intimately  mixing  a 
particle  of  the  purified  deposit  on  a  glass  slide  with  a  drop  of 
-water  and  protecting  the  mixture  with  a  covering-glass.  In  the 
course  of  ten  minutes  ovoid  leaflets  of  uric  acid  make  their  appear- 
ance, and  grow  and  multiply  till  in  the  course  of  half  an  hour  the 
entire  field  is  thickly  studded  with  crystals;  the  process  continu- 
ing, provided  that  water  be  added  as  required,  until  the  amorphous 
substance  is  entirely  replaced  by  crystals  of  uric  acid.1 

The  quadri-urates  readily  assume  a  gelatinous  form.  Thus,  if 
a  5  per  cent,  solution  of  ordinary  sodium  phosphate  be  heated  to 
boiling  with  excess  of  uric  acid,  and  the  liquid  filtered  hot,  the 
filtrate  sets  to  a  jelly  on  cooling.  This  jelly,  after  being  pressed 
between  blotting-paper  to  free  it  from  mother-liquor,  exhibits  the 
characteristic  behaviour  of  a  quadri-urate,  being  rapidly  decom- 
posed by  water  with  copious  formation  of  crystals  of  uric  acid. 
On  keeping  in  a  moist  condition,  gelatinous  sodium  quadri-urate 
gradually  passes  into  a  crystalline  condition,  and  then  appears 
tinder  the  microscope  in  radiating  spheres,  exactly  similar  to  the 
spheres  so  common  in  serpents'  and  birds'  urine. 

If  the  white  mortar-like  substance  which  constitutes  the  urinary 
excretion  of  birds  and  serpents  be  examined  in  its  fresh  and 
uncontaminated  state,  and  not  after  contact  with  water  or  bacterial 
fermentation,  it  will  be  found  to  behave  in  an  exactly  similar 
manner  to  artificial  quadri-urates.  Under  the  microscope  it 
appears  as  minute  spheres  which  exhibit  a  radiated  structure  and 
display  a  black  cross  with  polarised  light.  On  adding  a  drop  of 
water,  the  spheres  are  seen  gradually  to  melt  away,  with  forma- 
tion of  hexagonal  tablets  of  uric  acid. 

According  to  W.  Roberts,  the  urinary  secretion  of  serpents  and 
birds  consists  almost  wholly  of  quadri-urates,  and  he  gives  the 
following  analysis  of  that  from  the  boa,  taken  from  the  interior  of 
a  massive  and  very  pure  specimen2 : — 

1  Crystals  of  the  sodium  bi-urate  simultaneously  formed  are  never  observed, 
.since  this  salt  is  liberated  in  the  gelatinous  form. 

2  Roberts  points  out  that  the  boa  and  other  large  serpents  void  their  urine 
at  long  intervals,  varying  from  a  week  to  six  or  seven  weeks,  and  that  during 
its  long  sojourn  in  the  urinary  passages  the  secretion  undergoes  changes  in 
its  composition,  with  liberation  of  free  uric  acid.     On  this  account,  the  uric 
acid  separated  by  treatment  with  water  is  always  notably  in  excess  of  that 
which  goes  into  solution  as  bi-urate.     This  is  shown  by  the  following  figures 
obtained  by  the  treatment  of  freshly  gathered  specimens  of  boa's  urinary 
excrement,  with  water : — 

A  B  C  D 

Uric  acid  separated  by  water,  .         .  0'128        O'llO        0'204        0'215 
Uric  acid  dissolved  as  bi-urate,         .  0'117        0-085        0141         O'HO 

In  addition,  contact  with  the  water  used  for  cleansing  the  cages,  and  bac- 
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Uric  acid,        .         .                   .         .         .  82*80  per  cent. 

Potassium, 3 '3  3  „ 

Sodium, 1-06  „ 

Ammonium,    ......  1*92  „ 

Moisture,  organic  matter,  iron,  traces  of  lime, 

and  loss, 10'89  „ 


100-00       „ 

Uric  acid  as  quadri-urates,         .          .          .     80'71  per  cent. 
Uric  acid  in  the  free  state,         .          .          .        2'09       „ 

BI-URATES  have  the-general  formula,  MH(C5H2N403),  or  MHUr. 
They  result  from  the.  action  of  water  on  the  quadri-urates,  and 
exist  in  the  body  under  various  pathological  conditions.  The 
sodium  salt,  which  is  the  most  important  and  characteristic 
member  of  the  series,  possesses  the  following  properties  : — 

Acid  Sodium  £7ra£e,of  Sodium  Bi-urate,  contains  2(NaHC5H2N403) 
+  H2O.  It  generally  forms  a  crystalline  powder,  which,  under 
the  microscope,  appears  in  needles  (often  crossed),  rosettes,  stellate 
and  hedgehog-like  forms  (fig.  20,  page  3.78).  It  requires  about 
1200  parts  of  cold  or  120  of  boiling  water  for  solution.  Sodium 
bi-urate  is  readily  obtained  by  passing  carbon  dioxide  through  a 
solution  of  uric  acid  in  caustic  soda,  or  by  boiling  uric  acid  with 
sodium'  carbonate,  phosphate,  or  acetate,  or  with  borax.  The  buff 
or  brick-red  sediment  often  thrown  down  by  urine  is  commonly 
stated  to  consist  of  sodium  bi-urate,  but  Roberts  itas  shown 
that  it  consists  essentially  of  sodium  quadri-urate  (page  369). 

The  solubility  of  acid  urate  of  sodium  in  water  impregnated 
with  salt  and  other  substances  has  an  important  bearing  on 
the  cause  and  cure  of  gout,  and  has  been  investigated  by  Roberts, 
from  whose  results  it  appears  that  the  solvent  action  of  the  various 
salts  depends  on  the  nature  of  the  metal,  and  has  no  reference 
to  its  form  of  combination.  Salts  having  an  alkaline  reaction 
to  litmus,  like  the  carbonates  and  phosphates,  behave  exactly 
similarly  to  those  of  neutral  reaction,  such  as  the  chlorides  and 
sulphates.  Salts  of  potassium  exert  no  appreciable  influence  on  the 
solubility  of  sodium  bi-urate  in  water.  Salts  of  sodium  decrease 
the  solubility,  the  influence  being  greater  the  larger  the  proportion 
of  salt  present.  Salts  of  ammonium,  calcium,  and  magnesium 
behave  similarly  to,  but  less  powerfully  than,  salts  of  sodium. 

terial  decomposition  owing  to  imperfect  desiccation,  cause  further  change  of 
boa's  excrement  as  met  with  in  commerce,  so  that  the  article  usually  met  with 
consists  essentially  of  bi-urate  of  ammonium. 
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The  following  figures  by  Sir  Wm.  Roberts  represent  the  parts 
by  weight  of  sodium  urate  dissolved  at  100°  F.  (  =  37 '8°  C.)  by 
1000  parts  of  the  solutions  of  the  strengths  indicated.  The 
amount  of  sodium  bi-urate  dissolved  by  1000  parts  of  distilled 
water  at  100°  F.  was  found  to  be  1*0. 


Percentage  of  Salt  in  Solvent. 

0-1 
per 
cent. 

0"2 
per 
cent. 

0-3 
per 
cent. 

0-5 
per 
cent. 

07 
per 
cent. 

I'O 
per 
cent. 

Sodium  bicarbonate  

0-50 
0'45 

0-34 
0'30 

0-20 
0-16 

0-13 

o-io 

0-09 
0'08 

0-08 
0'05 

Sodium  phosphate  (crystallised),    . 

0-70 

0-32 

Sodium  sulphate  (crystallised), 
Sodium  salicylate,    

0-55 
0'65 

•• 

0'36 

0-24 
0-25 

•• 

-• 

Potassium  bicarbonate,  

0-96 
0'96 

i-oo 

i-oo 

1-01 

0-97 
1-10 

1-02 

0-98 

Potassium  phosphate                               . 

I'Ol 

1*00 

0'85 

0'50 

0'42 

0-35 

Calcium  chloride      ...... 

0'27 

Calcium  sulphate     ..... 

0'65 

0-44 

C'85 

0-68 

Magnesium  sulphate  (crystallised),       .       , 

0-90 

•• 

•• 

•• 

Crystalline  sodium  bi-urate  is  ten  times  as  soluble  in  boiling 
water  as  in  cold,  but  a  saturated  hot  solution  does  not  deposit 
the  excess  of  salt  immediately  on  cooling.  The  bi-urate  remains 
in  complete  solution  for  a  considerable  time,  and  is  not  entirely 
deposited  for  some  days.  Roberts  has  shown  that  this  behaviour 
is  not  merely  due  to  supersaturation  of  the  liquid,  but  is  owing 
to  the  formation  of  a  gelatinous  modification  of  the  bi-urate  of 
greater  solubility  than  the  crystalline  form.  Thus  if  a  saturated 
solution  of  sodium  bi-urate  in  boiling  water  be  prepared,  and 
when  cold  mixed  with  an  equal  measure  of  a  20  per  cent,  solu- 
tion of  common  salt,  a  voluminous  gelatinous  precipitate  will  be 
thrown  down.  Saturated  solutions  or  solid  crystals  of  other  salts 
(e.g.,  sodium  phosphate  or  acetate,  potassium  chloride,  phosphate, 
acetate,  &c.)  may  be  substituted  for  the  common  salt.  The  pre- 
cipitate, if  filtered  off,  allowed  to  drain,  and  cautiously  washed 
with  cold  water,  consists  of  sodium  bi-urate  in  a  state  of  approxi- 
mate purity.  It  dissolves  at  100°  F.  in  blood-serum,  or  in  a 
liquid  containing  0'5  gramme  of  sodium  chloride  and  0*2  of 


ACID  LITHIUM  URATE.  373 

sodium  carbonate  per  100  c.c.  (which  represents  the  saline 
ingredients  of  serum),  sufficiently  freely  to  cause  a  consider- 
able separation  of  uric  acid  after  acidulating  with  acetic  acid ; 
whereas  crystalline  sodium  bi-urate  is  taken  up  by  water  at  100° 
F.  so  slightly  that  no  deposition  of  uric  acid  is  obtainable  on 
acidulating  the  liquid. 

The  gelatinous  form  of  sodium  bi-urate  gradually  changes  into 
the  crystalline  variety,  and  the  gradual  deposition  of  the  salt  from 
its  solution  in  water,  blood-serum,  or  imitation-serum  is  evidently 
<lue  to  the  same  change  of  condition. 

Acid  Potassium  Urate,  or  Potassium  Bi-urate,  KHUr,  is  said  to 
be  sometimes  formed  as  a  urinary  deposit  in  cases  of  fever.  It  is 
amorphous,  and  is  more  soluble  than  the  corresponding  sodium  salt, 
requiring  for  solution  only  800  parts  of  cold  or  from  70  to  80 
parts  of  boiling  water. 

Acid  Lithium  Urate,  or  Lithium  Bi-urate,  LiHUr,  forms  crystal- 
line grains,  soluble  in  370  parts  of  cold  or  39  of  boiling  water. 
Lipowitz  states  that  if  equal  parts  of  uric  acid  and  lithium 
carbonate  be  treated  with  90  parts  of  water  at  blood-heat,  a  clear 
solution  is  obtained,  while  at  100°  C.  four  times  the  amount  of 
uric  acid  can  be  dissolved  without  increasing  the  weight  of 
lithium  carbonate.  Seeing  that  lithium  carbonate  itself  requires 
about  200  parts  of  water  for  solution,  its  solvent  action  on  uric 
acid  is  remarkable,  and  is  of  much  interest  in  connection  with 
the  extensive  application  of  lithium  salts  in  the  treatment  of  gout. 
On  the  other  hand,  it  is  stated  by  L.  Siebold  (Year-book  Pharm., 
1889,  page  413),  as  the  result  of  direct  experiment,  that  the  rela- 
tive solvent  action  of  solutions  of  lithium,  sodium,  and  potassium 
carbonates  on  a  given  weight  of  uric  acid,  under  equal  conditions 
of  dilution  and  at  a  temperature  of  37°  C.  (blood-heat),  is  strictly 
proportional  to  the  ratio  of  the  molecular  weight  of  these  solvents. 
Hence  lithium  carbonate  has  the  advantage  that  74  parts  are 
•chemically  equivalent  to  106  of  the  sodium  salt  or  138  of  potas- 
sium carbonate ;  but  there  the  advantage  ceases.  Urinary  sedi- 
ments are  similarly  dissolved  by  these  carbonates  with  equal  facility 
if  molecular  proportions  are  used,  and  equivalent  weights  of  the 
•citrates  of  lithium,  sodium,  and  potassium  produce  equal  alkalinity 
in  the  urine  of  the  person  taking  them.  Siebold  further  states  that 
lithium  chloride  and  sulphate  have  no  solvent  action  on  uric  acid 
and  acid  urates,  and  that  natural  mineral  waters  containing  these 
salts  have  none  beyond  that  exercised  by  basic  constituents  simul- 
taneously present,  and  by  the  water  (compare  pages  198,  253). 

Acid  Ammonium  Urate,  (NH4)HUr,  is  soluble  in  about  1500 
parts  of  cold  water,  and  quite  insoluble  in  saturated  solutions  of 
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ammonium  chloride  and  sulphate  (compare  page  362).  The- 
urinary  excrement  of  serpents  is  commonly  stated  to  consist  almost 
wholly  of  a  mixture  of  acid  urate  of  ammonium  with  free  uric 
acid.  This  is  often  true  of  the  altered  product,  but  Sir  W. 
Koberts  has  shown  that,  in  a  fresh  and  undecomposed  state, 
serpents'  urine  consists  substantially  of  quadri-urates,  which 
undergo  decomposition  into  a  mixture  of  bi-urates  and  free  uric 
acid  by  contact  with  water  (page  370).  Guano,  the  excrement 
of  various  aquatic  birds,  consists  chiefly  of  oxalate  and  acid  urate  of 
ammonium  in  admixture  with  phosphates.  Guanine  (page  315). 
is  also  a  constituent  of  guano,  and  replaces  uric  acid  in  the  urine 
of  spiders  and  other  invertebrate  animals. 

Piperazine  urate  is  described  on  page  198. 

NEUTRAL  or  NORMAL  URATES  of  the  light  metals  do  not  exist 
naturally,  but  they  may  be  obtained  by  dissolving  uric  acid  in  the 
theoretical  amount  of  alkali.  The  normal  urates  of  lithium  and 
ammonium  are  unknown.  Neutral  potassium  urate,  K2C6H2N403, 
forms  small  crystals  having  an  alkaline  reaction  and  caustic  taste. 
It  dissolves,  with  partial  decomposition  into  the  acid  salt,  in  about 
36  parts  of  cold  water,  forming  a  liquid  of  soapy  taste  which  froths 
strongly  when  shaken.  Normal  sodium  urate,  Na2Ur  +  H20,  forms 
hard  nodules  which  closely  resemble  the  potassium  salt,  but  are 
less  soluble  in  water. 

On  passing  carbon  dioxide  through  a  solution  of  the  normal 
urate  of  potassium  or  sodium  the  corresponding  acid  urate  is 
precipitated.  The  same  decomposition  occurs  by  prolonged  boiling 
of  the  solution,  or  by  its  exposure  to  air. 

The  following  table,  due  to  Ralfe  (Practical  Treatise  on 
Diseases  of  the  Kidneys,  1885),  shows  the  character  of  the  urates 
of  the  light  metals  : — 


Urate. 

Solubility  in 
Cold  Water. 

Character  of  Deposit. 

Potassium;  acid, 

1-800 

Amorphous. 

„          normal,  . 

1-44 

Amorphous,  or  in  fine  needles. 

Sodium  ;  acid,    . 

1-1200 

Amorphous  ;  rarely  crystalline. 

,,         normal, 

1-77 

Nodular  masses. 

Lithium  ;  acid,  . 

1-60 

Amorphous,  or  in  fine  needles. 

Calcium  ;  acid,  . 

1-600 

Amorphous,  or  in  fine  needles. 

„         normal, 

1-1500 

Fine  granules. 

Ammonium;  acid,     . 

1-1600 

Amorphous,  or  spiked  globular  masses. 

URATES  IN  GOUT.  375 

Calcium  urate  is  a  frequent  constituent  of  gouty  deposits 
(S.  Delapin,  Jour.  Chem.  Soc.t  lii.  469). 

The  urates  of  lead,  copper,  mercury,  and  silver  are  quite  in- 
soluble in  water.  Hence  solutions  of  these  metais  are  used  for 
determining  uric  acid  or  for  separating  urates  from  urine  (compare 
page  366). 

The  behaviour  of  the  urates  with  water  and  saline  solutions  has 
an  important  bearing  on  the  cause  and  treatment  of  gout.  It  is 
probable  that  in  media  containing  alkaline  carbonates — such  as 
the  serum  of  the  blood,  and  its  derivatives  lymph  and  synovia — 
uric  acid  passes  into  solution  in  the  first  instance  as  quadri-urate, 
and  it  may  be  inferred  that  it  circulates  in  the  blood  and  is 
voided  in  the  urine  in  the  same  form.  In  perfect  health,  the 
elimination  of  the  quadri-urate  proceeds  with  sufficient  speed  and 
completeness  to  prevent  any  undue  detention  or  any  accumulation 
of  it  in  the  blood.  But  in  gouty  subjects,  either  from  defective 
action  of  the  kidneys  or  from  excessive  introduction  of  uric  acid 
into  the  circulation,  the  quadri-urate  lingers  unduly  in  the  blood 
and  accumulates  therein.  The  detained  quadri-urate,  circulating 
in  a  medium  rich  in  carbonate  of  sodium,  gradually  takes  up  an 
additional  atom  of  base,  and  is  thereby  converted  into  bi-urate, 
which  at  first  exists  in  the  hydrated  or  gelatinous  condition,  but 
with  lapse  of  time  and  accumulation  passes  into  the  insoluble 
crystalline  condition,  and  then  the  symptoms  of  gout  manifest 
themselves.1 

1  A.  Haig  (Mcd.  Chirurg.  Trans.,  Ixxi.  125,  283)  has  shown  that  adminis- 
tration of  acids  diminishes  the  relative  amount  of  uric  acid  excreted,  while 
that  of  alkalies  increases  it.  Thus  the  normal  proportion  of  uric  acid  to  urea 
is  1 : 35,  but  after  a  few  doses  of  citric  acid  the  relation  was  1 : 41,  and  after 
similar  doses  of  potassium  citrate  1 : 28.  In  these  cases  there  was  not  only  a 
relative  but  also  an  absolute  diminution  or  increase  in  the  uric  acid  excreted. 
Salicylic  acid  fornjs  an  important  exception  to  the  general  behaviour  of  acids, 
for  while  it  increases  urinary  activity,  it  does  not  in  any  way  diminish  the 
excretion  of  uric  acid.  Moreover,  acids  given  while  salicylates  are  present 
in  the  circulation  have  no  longer  the  power  of  diminishing  the  excretion  of 
uric  acid,  nor  is  excessive  excretion  of  uric  acid  under  salicylates  accompanied 
by  any  headache.  Both  uric  and  salicyluric  acids  are  present  in  the  urine 
passed  under  the  influence  of  salicylates,  probably  owing  to  the  salicylate 
acting  on  the  uric  acid  in  the  blood,  but  not  on  that  secreted  by  the  kidney 
itself.  Benzoates  do  not  act  in  the  same  way  as  salicylates,  probably  because 
the  hippuric  acid  formed  from  them  is  less  soluble  than  salicyluric  acid. 
The  value  of  salicylates  in  uric  acid  diseases  is  largely  due  to  their  power 
of  preventing  acids  from  causing  retention  of  uric  acid.  Thus,  according 
to  Haig,  salicylates  prevent  gout,  the  peculiar  headache  due  to  uric  acid  and 
frequent  after  breakfast,  and  also  epilepsy,  which  last  affection  he  believes 
to  be  due  to  uric  acid  acting  on  the  nerve-centres. 
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Urinary  Deposits  and  Calculi. 

Urine  is  sometimes  turbid  as  passed  from  the  urethra,  and 
all  urine  deposits  a  fine  cloud  of  mucus  on  standing.  Many 
specimens  of  urine,  when  allowed  to  cool  and  stand,  deposit 
urinary  salts.  These  sediments  may  appear  as  a  purely  amorphous 
or  crystalline  precipitate,  or  as  a  mixture  of  amorphous  and 
crystalline  particles. 

Urine  which  is  turbid  when  actually  passed  from  the  urethra 
(and  consequently  at  the  temperature  of  the  body)  may  owe  its 
turbidity  to  the  presence  of  suspended  uric  acid  or  urates  ;  to  the 
presence  of  earthy  phosphates  or  carbonates  (especially  if  the 
urine  be  that  of  a  herbivorous  animal);  or  to  the  presence  of 
organised  matters,  such  as  mucus  or  pus.  Deposits  which  re- 
quire removal  by  surgical  means  from  the  kidneys,  ureters, 
bladder  or  urethra,  are  best  considered  separately  under  the  head 
of  Urinary  Calculi  (page  380). 

Uric  acid  and  urates  are  by  far  the  most  common  and  abundant 
constituents  of  urinary  sediments  and  calculi. 

URINARY  SEDIMENTS. 

Urinary  deposits  are  rarely  of  a  complex  character,  and  hence 
very  simple  methods  suffice  to  determine  their  nature.  Examina- 
tion under  the  microscope  is  specially  suited  for  this  purpose,  since 
it  is  simple  and  readily  applied,  and  is  available  for  a  very  minute 
quantity  of  sediment.  The  urine  to  be  examined  should  be 
allowed  to  stand  for  twelve  hours  in  a  conical  glass,  so  that  any 
deposit  may  collect  at  the  apex.  A  drop  of  the  liquid,  containing 
as  much  sediment  as  possible,  should  then  be  withdrawn  by  a 
pipette,  and  placed  on  a  microscope-slide.  It  should  be  covered 
with  a  thin  glass,  and  examined  under  an  inch  power,  which  may 
subsequently  be  changed  for  a  -^  or  J-inch  power.  Epithelium, 
mucus-globules,  and  pus- cells  will  be  distinguished  as  organised 
deposits.  Urates  and  amorphous  phosphates  appear  as  opaque 
particles.  Uric  acid,  which  to  the  naked  eye  appears  as  a  coloured 
sandy  deposit,  is  distinguished  under  the  microscope  by  its  pecu- 
liar crystalline  form  and  yellow  or  brown  colour.  Earthy  phos- 
phates, when  crystalline,  are  well  characterised  by  their  forms  and 
by  their  freedom  from  colour.  Urine  which  has  been  allowed  to 
stand  for  some  time  frequently  contains  a  deposit  of  calcium 
oxalate,  which  is  seen  under  the  microscope  as  delicate  octahedra. 
On  adding  a  drop  of  normal  caustic  alkali  on  the  slide,  a  deposit 
of  uric  acid  will  at  once  dissolve.  Normal  hydrochloric  acid,  on 
the  contrary,  leaves  uric  acid  unaffected,  or  causes  a  further  depo- 
sition of  minute  leaflet  crystals  under  the  eye  of  the  observer, 
while  it  at  once  dissolves  earthy  phosphates  or  carbonates,  whether 
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•crystalline  or  amorphous.  The  organised  deposits  are  more  or  less 
liquefied  by  alkali,  but  dilute  acid  leaves  them  unchanged.  The 
addition  of  a  minute  amount  of  staining  material,  either  finely 
powdered  or  in  solution,  at  the  bottom  of  the  depositing  vessel, 
will  stain  epithelium  and  other  organised  deposits,  and  thus 
facilitate  their  recognition  under  the  microscope. 

Uric  acid  appears  under  the  microscope  in  a  variety  of  forms. 
•Quadratic  prisms,  single  and  in  groups,  spiculae,  aigrettes,  and 
*' dumb-bell"  forms  are  common, 
as  also  are  somewhat  oval  crys- 
tals attached  together  so  as  to 
form  figures  of  eight,  stars,  or 
crosses  (fig.  19,  A).  From  urine 
acidulated  with  5  per  cent,  by 
measure  of  hydrochloric  acid, 
square  crystals  are  deposited, 
having  two  opposite  sides  smooth 
and  the  alternate  sides  jagged 
{fig.  19,  B).  Uric  acid  crystals 
dissolve  on  adding  caustic  alkali, 
and  are  reprecipitated  in  minute 
but  characteristic  forms  on  sub- 
sequently adding  hydrochloric 
-acid. 


Fig.  19,  A.— CRYSTALS  OF  URIC  ACID. 
— a,  From  decomposition  of 
urates;  b,  from  human  urine; 
c,  dumb-bell  forms. 


Fig.  19,  B.— CRYSTALS  OF  URIC  ACID. 

Acid  sodium  urate  usually  forms  amorphous  deposits,  but  some- 
times  occurs    as    bundles    or    tufts    of    acicular    crystals,    or    in 
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Fig.  20.— Acid  urate  of 
sodium.  —  a,  needles, 
usually  a 
6,  6,  spheroi 


spheroidal  masses  (fig.  20).  Potassium  and  magnesium  urates  are- 
almost  always  amorphous.  Ammonium  urate  occurs  only  in  alka- 
line urine,  and  generally  in  association  with 
amnionio-magnesiuni  phosphate.  It  forms- 
irregular,  club-like  crystals  or  thorn-apple 
spherules  (fig.  21).  Urates  are  readily  dis- 
tinguished from  phosphates  by  their  solubility 
when  warmed  in  their  supernatant  urine. 
When  treated  with  acetic  acid,  deposits  of 
phosphates  dissolve,  but  urates  change  into 
characteristic  forms  of  uric  acid  without  pre- 
viously undergoing  solution. 

Hippuric  acid,  according  to  Gorup-Bezanez,. 
is  occasionally  met  with  in  sediments  from 
the  urine  of  human  patients  who  have  taken 
benzoic  acid.  It  occurs  frequently  in  sediments  from  the  urine 
of  herbivorous  animals.  Hippuric  acid  forms  characteristic 
acicular  crystals  and  rhombic  prisms  (see 
fig.  24,  page  388).  Some  of  the  broader 
crystals  resemble  those  of  ammonium  mag- 
nesium phosphate,  but  are  insoluble  in  acetic 
acid.  From  uric  acid  they  are  distinguished 
by  their  solubility  in  alcohol.  If  the  alcoholic 
solution  be  evaporated  to  dryness,  and  the 
residue  dissolved  in  warm  water,  characteristic  crystals  of  hippuric 

acid   will    be    obtained    on 
evaporation. 

Ammonium       magnesium 
phosphate,  often  described  as 
"triple   phosphate,"1   is 
deposited  from  urine  as  soon 
as  the  liquid  becomes  alka- 
line from  the  decomposition 
of   the   urea.     The    natural 
deposit  may  be  imitated  by 
adding  ammonium  carbonate 
to  urine,  filtering  the  liquid 
immediately,    and    allowing 
the     filtrate     to     stand    for 
Fig.  22.— Ammonium  magnesium  phosphate.        some     hours.         Ammonium 
magnesium  phosphate  forms  fine,  vitreous,  prismatic  crystals  ("coffin- 
shaped  "),  or  ragged  arborescent  or  stellate  forms  (fig.  22). 

1  The  term  "triple  phosphate "  should  be  abandoned  as  unscientific  and 
misleading. 


Fig.   21.— Acid   ammo- 
nium urate. 
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Calcium  phosphate  occurs  commonly  as  an  amorphous  deposit,, 
which  to  the  naked  eye  resembles  pus  or  granular  organic  matter. 
When  precipitated  from  the  urine  by  heat  this  deposit  has  been 
mistaken  for  albumin,  but  is  distinguished  therefrom  by  readily 
dissolving  on  adding  a  drop  of  acetic  acid.  The  same  character, 
and  its  insolubility  in  the  supernatant  urine  on  warming,  distin- 
guish it  from  deposits  of  amorphous  urates.  Under  the  microscope, 
amorphous  calcium  phosphate  appears  as  minute  pale  granules, 
arranged  in  irregular  patches.  Magnesium  phosphate  has  a 
similar  microscopical  appearance  and  characters.  The  crystal- 
line form  of  calcium  phosphate  is  a  comparatively  rare  deposit. 
Under  the  microscope,  it  appears  as  crystalline  rods,  frequently 
grouped  in  stars  or  rosettes,  or  in  club  or  wedge-like  forms,  which 
always  show  the  lines  of  crystallisation. 

Calcium  oxalate  usually  occurs  in  minute  octahedral  crystals  or 
dumb-bell  forms  (fig.  23),  requiring  a  ^-inch  objective 
for  their  recognition ;  it  is  liable  to  escape  detection 
unless  the  phosphates  are  first   dissolved  by  acetic 
acid.     It  occurs  in   certain  morbid   conditions,   and 


in  the  urine  of    persons  who   have    eaten  rhubarb.         14*&  *& 
The  deposit  may  be    readily  induced  by  adding   a      J$&± 
crystal  of  oxalic  acid  to  normal  urine,  and  allowing     o^|P 
the  liquid  to  stand  for  some  hours.  V 

Calcium  carbonate  is  rarely  found  as  a  deposit  in  Fig-  23.— Crys- 
human  urine,  but  frequently  in  that  of  the  horse  and 
other  herbivora.  Under  the  microscope,  the  deposit 
appears  as  minute  spherules  or  dumb-bells,  which  show  a  well 
defined  black  cross  when  viewed  by  polarised  light.  It  dissolves 
in  warm  acetic  acid,  with  effervescence,  which  may  be  observed 
under  a  low  microscopic  power,  if  a  number  of  crystals  be 
treated  beneath  a  large  cover  glass. 

Calcium  sulphate  in  the  form  of  acicular  crystals  is  said  to 
have  been  observed  as  a  urinary  deposit. 

Cystin  occurs  very  rarely  as  a  urinary  deposit.  It  takes 
the  form  of  hexagonal  plates  (fig.  5,  page  228),  which  are 
soluble  in  ammonia,  and  are  redeposited  in  a  more  perfect 
form  by  allowing  the  resultant  solution  to  evaporate  spon- 
taneously. 

Leucine  (page  213),  tyrosine  (page  217),  xanthine  (page  312), 
and  cholesterin  occasionally  occur  as  urinary  deposits. 

Organised  deposits  of  various  kinds  are  apt  to  occur  in  urine. 
Blood-corpuscles,  epithelium  cells,  tube  casts,  pus-corpuscles,  fat- 
globules,  and  spermatozoa  are  all  more  or  less  common  under 
certain  conditions.  Their  recognition  depends  on  the  employment 
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of  a  microscopic  power  of  300  or  400  diameters,  sometimes  with 
the  aid  of  staining  agents. 

For  the  more  formal  chemical  examination  of  urinary  deposits, 
the  turbid  urine  should  be  warmed  to  about  50°  C.,  and  filtered 
at  that  temperature.  Deposits  of  earthy  phosphates,  calcium 
oxalate,  uric  acid,  or  organised  matters  are  not  dissolved  on  heat- 
ing, and  hence  will  be  found  on  the  filter,  but  urates  mostly 
dissolve  and  are  re-deposited  from  the  filtrate  in  a  comparatively 
pure  form  after  cooling.  The  uric  acid  in  such  deposits  may  be 
identified  by  the  murexide  test  (page  359),  while  the  resultant 
residue  may  be  ignited  and  employed  for  identifying  the  base. 
Deposits  of  urates  are  often  pink  or  red,  owing  to  the  presence  of 
pigment,  which  may  be  removed  from  the  deposit  by  treatment 
with  alcohol. 

The  portion  of  the  urinary  deposit  which  does  not  dissolve  on 
warming  may  be  treated  with  decinormal  hydrochloric  acid,  which 
will  dissolve  the  earthy  phosphates  without  affecting  uric  acid  or 
the  organised  deposits.  Or  the  insoluble  portion  of  the  deposit  may 
be  warmed  with  dilute  acetic  acid,  and  the  liquid  filtered.  From 
the  acetic  acid  solution,  calcium  may  be  thrown  down  by  ammonium 
oxalate.  If  the  filtrate  be  rendered  strongly  alkaline  with  ammonia, 
a  white  crystalline  precipitate,  giving  streaks  in  the  track  of  a 
glass  rod,  consists  of  ammonium-magnesium  phosphate.  If,  after 
standing  for  some  time,  the  ammoniacal  liquid  be  filtered  and 
treated  with  a  drop  or  two  of  magnesia-mixture,  and  again  stirred, 
a  further  precipitation  of  ammonium-magnesium  phosphate  proves 
that  calcium  phosphate  was  present  in  the  original  deposit.  The 
portion  of  the  deposit  insoluble  in  acetic  acid  may  contain  uric 
acid  and  calcium  oxalate.  The  former  is  readily  detected  by  the 
murexide  test,  by  its  insolubility  in  cold  hydrochloric  acid,  and  by 
its  microscopic  appearance.  The  calcium  oxalate  is  insoluble  in 
acetic  acid,  but  dissolves  in  hydrochloric  acid,  and  is  repre- 
cipitated  on  adding  excess  of  ammonium  acetate  to  the  resultant 
solution. 

URINARY  CALCULI. 

Concretions,  which  in  the  majority  of  cases  consist  essentially  of 
uric  acid  or  urates,  frequently  occur  in  the  bladder,  kidneys,  and 
other  parts  of  the  urinary  passages.  These  concretions,  or  urinary 
calculi,  vary  greatly  in  form,  consistency,  and  composition,  and 
according  to  their  size  are  known  as  stones,  gravel,  or  sand. 
Though  sometimes  homogeneous,  they  are  more  frequently  com- 
posed of  concentric  layers,  and  are  always  formed  on  a  nucleus, 
which  may  generally  be  distinguished  from  the  adjacent  portions 
and  sometimes  consists  of  a  foreign  body. 
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Uric  acid ;  ammonium,  potassium,  sodium,  calcium  and  mag- 
nesium urates ;  iron,  calcium,  and  ammonio-magnesium  phos- 
phates ;  calcium  and  magnesium  carbonates  (especially  in  calculi 
from  herbivora) ;  calcium  oxalate  ;  ammonium  hippurate ;  cystin ; 
xanthine  ;  ferric  oxide ;  silica ;  silicates  (in  sheep's  urine) ;  mucus ; 
blood ;  colouring  and  other  extractive  matters,  have  all  been  men- 
tioned as  constituents  of  urinary  calculi.  It  is  very  unusual  to 
meet  with  calculi  formed  exclusively  of  a  single  substance.  Many 
calculi  are  formed  chiefly  of  uric  acid,  and  others  chiefly  of  calcium 
oxalate  ;  but  these  concretions  generally  contain  at  least  a  small 
quantity  of  other  matters.  The  most  common  kinds  of  human 
urinary  calculus  are : — a,  Uric  acid,  with  urates  of  calcium  and 
ammonium ;  b,  ammonium  magnesium  phosphate,  with  calcium 
phosphate  and  carbonate ;  c,  uric  acid,  with  phosphates ;  and  d, 
calcium  oxalate,  with  phosphates.  Calculi  consisting  essentially 
of  cystin,  xanthine,  and  other  compounds,  are  occasionally,  but 
very  rarely,  met  with.1 

The  following  analyses  illustrate  the  percentage  composition  of 
some  typical  kinds  of  urinary  calculus: — 

URIC  ACID  CALCULI. 

A.  B. 

Uric  Acid, 92'8  84'69 

Urates, 3'2  9'03 

Ammonium  magnesium  Phosphate, '.  1'12 

Extractive  Matters, 1  -0  \  0  ft1 

Water, 3'0  J 

PHOSPHATIC  CALCULUS.  OXALATE  CALCULUS. 

Sodium  Urate,         .  .977  Calcium  Oxalate,      .        .     63 '5 

Calcium  Phosphate,  .     3474  Calcium  Phosphate,  .       6 '2 

Ammonium    magnesium  )  qs .or  Water  and  Organic  Mat- 1 

Phosphate,          .  \  ters,  .         .        / 

Calcium  Carbonate,  .       3  '14 

Magnesium  Carbonate,  .       2 '55 

Extractive  Matters,  .       6 '87 

J.  Horbaczewski  (Zeits.  Pliysiol.  Chem.,  xviii.  335)  gives  the 

1  Recording  his  experience  in  1882,  Sir  Henry  Thompson  stated 
that  calculi  consisting  chiefly  of  uric  acid  and  urates  formed  about  60  per 
cent,  of  the  whole,  a  few  of  these  having  a  slight  admixture  of  phosphates  ; 
calculi  composed  of  phosphates  alone,  or  together  with  some  uric  acid, 
accounted  for  about  36  per  cent. ;  and  about  3  per  cent,  of  the  total  number 
were  composed  of  calcium  oxalate.  One  instance  only  of  cystin  calculus  and 
one  of  calcium  phosphate  had  come  within  his  experience. 
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following  analyses  showing  the  centesimal  composition  of  certain 
rare  urinary  calculi : — 

FATTY  CHOLESTEROL 

CONCRETION.  CONCRETION. 

Water, 2'5  376 

Ash, 0-8  0-55 

Organic  Matters  insoluble  in  ether,       .         11  "7  0'15 

Organic  Matters  soluble  in  ether,          .         85*0  95 '84 
Containing : — 

Free  Fatty  Acids,    .        .        .        51 '5 
Neutral  Fats,          ...         33 '5 

Cholesterol,    ....       traces  95 '87 

The  concentric  layers  of  urinary  calculi  are  frequently  distinct 
in  composition  as  well  as  in  appearance,  and  a  curious  alternation 
of  material  is  at  times  observed ;  uric  acid,  for  instance,  changing 
place  with  urates,  phosphates,  oxalates,  &c.  A  nucleus  of  uric 
acid  is  generally  enclosed  with  an  external  coat  of  phosphates,1 
"but  the  reverse  of  this  appears  never  to  occur.  The  exterior 
layers  in  calculi  of  various  composition  are  generally  phosphatic. 
The  oxalate  calculi  are  usually  the  hardest,  the  phosphatic  the 
softest. 

Uric  acid  calculi  are  very  frequently  met  with.  When  com- 
posed almost  wholly  of  uric  acid,  a  minute  portion,  heated  on 
platinum  foil,  chars,  burns,  and  leaves  scarcely  a  trace  of  ash. 
Such  calculi  are  usually  brownish-red,  smooth,  or  tuberculated, 
and  are  composed  of  concentric  laminae. 

Ammonium  urate  calculus  is  uncommon.  It '  is  clay-coloured, 
smooth,  and  composed  of  fine  concentric  laminae.  This  calculus 
is  wholly  volatile  on  ignition. 

Cystin  calculi  are  very  rare.  They  are  usually  small,  semi- 
transparent,  smooth,  of  a  greenish  or  brownish-yellow  colour,  and 
insoluble  in  water,  alcohol,  or  ether.  They  are  soluble  in 
ammonia,  and  the  ammoniacal  solution  leaves  the  cystin  in  hexa- 
gonal plates  when  treated  with  acetic  acid  or  allowed  to  evaporate 
spontaneously. 

Xanthine  calculus  is  of  very  rare  occurrence.  It  is  pale  brown, 
of  a  polished  appearance,  and  soluble  in  alkaline  liquids.  On  treat- 
ment with  hydrochloric  acid  a  xanthine  calculus  yields  a  solution 
which  on  cooling  deposits  xanthine  hydrochloride  in  hexagonal 
scales  (page  313). 

Cholesterin  often  occurs  largely  in  gall-stones  or  biliary  calculi, 

1  The  external  layers  of  phosphate  represent  a  damaged  condition  of  the 
urinary  apparatus  consequent  upon  the  growth  and  presence  of  the  uric  acid 
or  other  nucleus. 
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Tjut  only  rarely  forms  an  essential   part  of  urinary  calculi.     The 
same  remark  is  true  of  bile-pigments  and  bile-acids. 

Calcium  oxalate  often  occurs  alone,  forming  a  deep  red-brown 
or  grey,  very  hard  calculus,  tuberculated  on  the  exterior,  and 
called  from  its  appearance  "  mulberry  calculus."  Smaller  and 
smooth  concretions  of  calcium  oxalate  often  appear  as  "hemp- 
seed  calculi."  Calcium  oxalate  occurs  in  large  quantities  in  horse's 
urine,  and  often  as  concretions  in  pig's  urine. 

Calcium  phosphate  occasionally  forms  concretions  of  a  pale 
brown  colour,  composed  of  regular  laminae. 

Calcium  sulphate  calculus  has  been  met  with  in  only  one 
recorded  case. 

Ammonium  magnesium  phosphate  (improperly  called  "triple 
phosphate  ")  forms  white,  brittle,  and  crystalline  calculi  having  an 
uneven  surface.  It  is  seldom  laminated,  and  is  not  very  common. 

"Fusible  calculus"  is  a  mixture  of  calcium  phosphate  and 
ammonium  magnesium  phosphate.  Such  calculi  are  of  frequent 
occurrence,  and  derive  their  name  from  the  readiness  with  which 
a  fragment  aggregates  and  even  fuses  to  a  bead  when  heated  on 
platinum  wire  before  the  blowpipe.  The  fusibility  increases  with 
the  proportion  of  ammonium  magnesium  phosphate  contained  in 
the  calculus,  calcium  phosphate  being  very  infusible.  Fusible 
calculi  are  rarely  laminated.  They  are  usually  white,  soft  as  chalk, 
and  often  are  very  large. 

Analytical  Examination  of  Calculi. 

If  the  calculus  be  entire,  and  sufficiently  large  to  allow  of  the 
process,  it  should  be  sawn  in  half  to  ascertain  whether  at  is  homo- 
geneous or  built  up  of  differing  concentric  layers.  If  the  latter, 
portions  of  each  layer  should  be  flaked  off  and  examined  separately. 

A  preliminary  examination  should  be  made  by  carefully  apply- 
ing the  following  tests  : — 

1.  Heat  a  small  fragment  of  the  sample  on  platinum  foil,  and 
observe  the  result.  Cholesterin  melts  and  burns  freely.  Fibrin 
will  give  an  odour  of  burnt  feathers,  and  cystin  a  smell  of  burning 
sulphur.  If  the  calculus  consist  wholly  of  uric  acid,  ammonium 
urate,  cystin,  xanthine,  cholesterin,  or  other  organic  matter,  it  will 
be  entirely  volatilised  on  ignition.  Any  residue  may  consist  of  : — 
magnesium  oxide,  or  of  potassium  or  sodium  carbonate  derived  from 
urates  previously  existing;  calcium  carbonate  originally  existing 
as  such  or  derived  from  calcium  urate  or  oxalate;  calcium  or 
magnesium  phosphate;  and  traces  of  silica,  oxide  of  iron,  &c. 
Any  residue  left  after  ignition  should  be  taken  up  on  a  loop  of 
platinum  wire  moistened  with  hydrochloric  acid,  and  examined  in 
&  bunsen  flame  for  the  detection  of  sodium,  potassium,  and  calcium. 
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2.  Treat  a  second  portion  of  the  calculus  with  a  cold  solution 
of  caustic  alkali.     The  evolution  of  ammonia  points  to  the  pre- 
sence of  ammonium  urate  or  ammonium  magnesium  phosphate  in 
the  calculus.    On  adding  a  few  drops  of  lead  acetate  to  the  alkaline 
liquid  and  boiling,   a  black  precipitate  of  lead  sulphide  will  be 
formed  if  any  cystin  were  originally  present. 

3.  Treat  a  third  small  quantity  of  the  calculus  with  warm  dilute 
nitric  acid.     Any  effervescence  may  be  due  to  decomposed  urate 
or  to  uric  acid,  but  more  probably  to  the   presence    of    calcium 
carbonate  in  the  calculus.     The  acid  liquid  should  then  be  eva- 
porated  to   dryness   on  the   water-bath.     A  deep  yellow  residue 
points  to  the  presence  of  xanthine,  but  its  presence  should   be- 
confirmed  by  the  additional  tests  described  on  page  314.     Uric  acid 
and  urates  leave  a  bright  red  residue,  which  on  exposure  to  ammo- 
niacal  vapours  assumes  a  magnificent  purple  tint  (page  360). 

Careful  application  of  the  foregoing  tests  will  generally  give 
adequate  information  as  to  the  general  nature  of  the  calculus,  and 
will  suffice  to  establish  the  presence  or  absence  of  most  of  the 
possible  constituents.  In  many  cases  it  is  unnecessary  to  make 
an  exhaustive  analysis,  but  where  this  is  required  the  systematic 
process  on  next  page  may  be  advantageously  employed.  It  presup- 
poses the  calculus  to  be  of  the  most  complex  nature,  but  the- 
results  of  the  preliminary  examination  will  generally  allow  the 
procedure  to  be  materially  abridged. 

Xanthine  and  cystin  are  occasional,  but  rare,  constituents  of 
urinary  calculi.  The  latter  may  be  detected  by  boiling  a  portion 
of  the  calculus  with  caustic  alkali  and  lead  acetate,  and  the  former 
by  its  reaction  with  nitric  acid  (page  314).  When  present, 
xanthine  and  cystin  are  precipitated  with  uric  acid  when  the- 
solution  obtained  by  boiling  the  calculus  with  caustic  soda  is 
treated  with  hydrochloric  acid.  They  may  be  separated  from  uric 
acid  by  treating  the  precipitate  with  warm  dilute  hydrochloric  acid. 
The  filtrate,  when  concentrated  and  cooled,  will  deposit  the 
xanthine  hydrochloride  in  crystalline  plates.  Cystin  may  be  preci- 
pitated from  the  solution  as  the  benzoyl-compound  (page  229).  Or 
the  calculus,  preferably  previously  exhausted  in  succession  with 
ether,  alcohol,  and  water,  may  be  treated  with  warm  ammonia. 
On  evaporating  the  ammoniacal  solution  nearly  to  dryness  the  cystin 
is  deposited  in  crystalline  tables,  or  it  may  be  precipitated  by 
somewhat  concentrating  the  ammoniacal  solution  and  adding 
excess  of  acetic  acid.  Xanthine  may  be  isolated  and  precipitated 
in  the  same  manner.  Its  co-occurrence  with  cystin  has  not  been, 
observed,  so  that  no  separation  of  the  two  bodies  is  necessary. 
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Hippuric  Acid.  Benzoyl-amidoacetic  Acid.  Benzoyl- 
glycocine. 

C9H9N03 ;  i.e.,  C6H6.CO.KH.CH2COOH. 

Hippuric  acid  affords  a  typical  example  of  the  so-called  "con- 
jugated bodies,"  the  synthesis  of  which  is  readily  effected  within 
the  living  organism.  Thus,  if  benzoic  acid  be  taken  internally,  it 
appears  in  the  urine  as  hippuric  acid,  and  hippuric  acid  may  be 
obtained  artificially  by  heating  benzoic  anhydride  with  amido- 
acetic  acid  (glycocine),  or  the  zinc  salt  of  the  latter  with  benzoyl 
chloride : — 

C7H5O.C1  +  C2H2(NH2)O.OH  =  C7H5O.O.C2H2(NH2)0  +  HC1. 

Benzoyl  Chloride.  Glycocine.  Hippuric  Acid. 

Benzoic  aldehyde,  toluene,  cinnamic  acid,  quinic  acid,  and 
phenyl-propionic  acid  when  ingested,  are  also  excreted  as  hippuric 
acid.  Substituted  benzoic  acids  appear  in  the  urine  as  substituted 
hippuric  acids.  (See  salicyluric  acid,  page  388.) 

The  quantity  of  hippuric  acid  excreted  in  normal  human  urine 
is  stated  to  range  from  5  to  60  grains  (0'3  to  3*8  grammes)  in 
twenty-four  hours,  but  an  increase  results  from  a  vegetable  diet. 
This  has  been  particularly  noticed  after  eating  plums,  pears,  and 
cranberries,  and  the  cuticular  parts  of  many  plants  act  similarly. 
In  the  urine  of  diabetic  patients,  hippuric  acid  is  frequently  present 
in  much  increased  proportion,  as  also  in  jaundice  and  other  liver 
complaints,  and  it  is  abundant  in  the  acid  urine  of  persons  suffering 
from  all  kinds  of  fevers. 

Hippuric  acid  replaces  uric  acid  in  the  urine  of  herbivorous 
animals,  which  are  stated  to  contain  it  to  the  extent  of  about 
2  per  cent.  ;  its  origin  being  doubtless  in  bodies  of  the  aromatic 
series  existent  in  the  food.  Hippuric  acid  is  also  found  in  the 
excrement  of  the  lower  animals,  except  that  of  birds,  which  con- 
tains the  allied  substance  ornithuric  acid,  having  the  constitu- 
tion of  a  dibenzoyl-diamidovaleric  acid  : — 

CJL.CO.NH)    , 


On  boiling  ornithuric  acid  with  hydrochloric  acid,  it  almost 
immediately  parts  with  one  benzoyl-group  and  yields  benzoyl- 
ornithine,  which  on  further  boiling  splits  up  into  benzoic  acid 
and  diamido-valeric  acid  or  ornithine,  (NH2)2C4H7.COOH,  a 
base  of  strong  alkaline  reaction  and  of  caustic  taste. 

When  boiled  for  a  time  (half  an  hour)  with  dilute  nitric,  hydro- 
chloric, or  oxalic  acid  (or  more  rapidly  if  strong  hydrochloric  acid 
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be  used),  hippuric  acid  undergoes  hydrolysis,  the  liquid  on  cooling 
depositing  benzoic  acid,  while  a  salt  of  glycocine  remains  in 
solution  :— C9H9N08  +  H20  =  C7H602  +  C2H5N02.  This  reaction 
is  employed  in  practice  for  the  preparation  of  glycocine  (see 
page  206).  A  similar  reaction  takes  place  spontaneously  in 
urine  containing  hippuric  acid,  under  the  influence  of  ferments. 
Hence  only  perfectly  fresh  urine  will  yield  hippuric  acid.  If  the 
urine  be  alkaline,  as  is  usually  the  case  with  that  of  herbivorous 
mammals,  the  glycocine  first  produced  is  further  changed. 

A.  E.  Garrod  has  observed  (Lancet,  April  21,  1882)  that  con- 
tact of  solutions  of  alkaline  hippurates  with  uric  acid  causes  its 
disappearance,  so  that  on  adding  hydrochloric  acid  after  some  hours 
uric  acid  can  no  longer  be  detected  either  by  the  microscope  or  by 
the  murexide  test.  Acting  on  this  observation,  Garrod  has  employed 
sodium  benzoate  and  hippurate  with  great  advantage  in  cases  of 
gout,  gravel,  and  calculus ;  preferring,  however,  the  corresponding 
potassium  or  lithium  salts  in  cases  where  it  was  desired  to  increase 
the  excretion  of  urine. 

Hippuric  acid  is  distinguished  from  benzoic  and  salicylic  acids 
by  its  crystalline  form  (figs.  24  and  25) ;  by  charring  when  heated 
with  strong  sulphuric  acid ;  by  giving  off  ammonia  on  ignition 


Fig.  24.— HIPPURIC  ACID  (after  Frey>— 
a,  a,  Prisms;  b,  Crystals  formed 
by  slow  evaporation. 


Fig.  25.— BENZOIC  Acip. 


with  soda-lime  ;  and  by  not  being  dissolved  on  agitating  its  solu- 
tion with  chloroform  or  petroleum-spirit.  When  heated,  benzoic 
acid  sublimes  unchanged ;  but  hippuric  acid  gives  red  oily  drops, 
and  evolves  an  odour  of  hydrocyanic  acid.  When  precipitated  by 
hydrochloric  acid,  hippuric  acid  separates  immediately  in  needles, 
whereas  benzoic  acid  forms  scales.  Hippuric  acid  is  less  soluble 
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than  benzole  acid  in  ether.  From  the  neutral  solution  of  a  hip- 
purate  a  neutral  solution  of  ferric  chloride  throws  down  ferric 
hippurate  as  a  cream-coloured  precipitate,  whereas  the  precipi- 
tate yielded  by  a  benzoate  with  ferric  chloride  is  reddish-brown. 

The  preparation,  characters,  and  reactions  of  hippuric  acid  have 
been  fully  described  in  Part  i.  page  23  et  seq.  A  method,  not 
previously  given,  for  the  determination  of  hippuric  acid  in  urine 
is  to  treat  from  1000  to  1200  c.c.  of  the  sample  with  a  slight 
excess  of  strong  baryta-water.  The  filtered  liquid  is  treated  with 
dilute  sulphuric  acid  till  exactly  neutral  to  litmus,  decanted  or 
filtered  from  the  precipitated  barium  sulphate,  and  evaporated  to  a 
syrup  on  the  water-bath.  The  residue,  which  should  be  exactly 
neutral,  is  treated  while  still  hot  with  150  to  200  c.c.  of  absolute 
alcohol,  and  thoroughly  agitated.  Barium  succinate,  sodium  chloride, 
and  other  compounds  are  thus  precipitated.  The  liquid  is  decanted, 
the  alcohol  evaporated,  and  the  syrupy  residue  treated  while  still 
hot  with  hydrochloric  acid.  The  liberated  hippuric  acid  is  ex- 
tracted by  repeated  agitations  with  ether  (100  to  150  c.c.),  the 
separated  ether  distilled  off,  the  residue  diluted  with  water,  and 
heated  to  boiling  with  a  little  milk  of  lime.  The  liquid  is  filtered, 
concentrated,  and  treated  with  excess  of  hydrochloric  acid,  when 
hippuric  acid  separates  in  fine  crystals,  which  can  be  obtained 
colourless  by  treatment  with  purified  animal  charcoal. 

SALICYLURIC  ACID,  C9H8(OH)!N"03,  has  the  constitution  of  a 
hydroxy-Mppuric  acid.  It  occurs  in  the  urine  after 
administration  of  salicylic  acid,  which  has  the  constitution  of 
ortho-hydroxybenzoic  acid,  and  may  be  detected  therein  by  the 
bluish-violet  coloration  produced  on  adding  dilute  ferric  chloride. 
Salicyluric  acid  is  more  soluble  than  hippuric  acid.  On  boiling 
with  hydrochloric  acid,  it  is  split  up  into  salicylic  acid  and 
glycocine. 

Glycuronic  Acid. 

C6H1007;  i.e.,  COH(CH.OH)4.COOH 

Glycuronic  acid  doubtless  has  its  origin  in  the  dextrose  of  the 
body,  to  which  compound  it  is  closely  related.1  It  was  first 

1  The  relation  between  glycuronic  acid  and  bodies  of  the  sugar-group  is 
shown  by  the  following  constitutional  formulae  ; — 

Dextrose,       ....       CH2(OH).(CH.OH)4.CO.H 
Gluconic  acid,       .        .        .       CH2(OH).(CH.OH)4.CO.OH 
Saccharic  acid,      .        .        .         CO(OH).(CH.OH)4.CO.OH 
Glycuronic  acid,    .        .        .         CO(OH).(CH.OH)4.CO.H 
Gulonicacid,         .        .        .         CO(OH).(CH.OH)4.CH2.OH 
Gulose,          .  CO(H).(CH.OH)4.CH2.OH 
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obtained  in  the  conjugated  form  of  campho-glyctironic 
acid  in  the  urine  of  dogs  to  which  camphor  has  been  adminis- 
tered, and  subsequently  as  uro-chloralic  acid  after  the 
administration  of  chloral.  Glycuronic  acid  is  remarkable  for  its 
tendency  to  form  ethereal  or  glucosidal  compounds  when  appro- 
priate substances  are  introduced  into  the  body.  Traces  of  such 
compounds  probably  occur  normally  in  urine,  especially  indoxyl- 
and  skatoxyl-glycuronic  acids;  in  addition  to  the  com- 
bination with  urea,  having  probably  the  constitution  of  uro- 
glycuronic  acid,  which  appears  to  be  the  ordinary  form  in 
which  glycuronic  acid  exists  in  urine. 

Baeyer  (Annalen,  civ.  257)  has  shown  that  euxanthic 
acid,  which  exists  in  combination  with  magnesia  in  the  "purreV5 
or  "  Indian  yellow  "  of  commerce,1  is  decomposed  on  boiling  with 
hydrochloric  acid  or  dilute  sulphuric  acid,  with  formation  of 
euxanthone  and  an  acid  which  has  been  shown  by  Spiegel 

1  Piuri  or  Purree,  now  used  as  a  pigment  under  the  name  of  "  Indian 
yellow,"  is  obtained  in  Bengal  from  the  urine  of  cows  which  are  fed  exclusively 
on  the  leaves  of  the  mango  tree  and  water.  The  urine  is  heated,  and  the  pre- 
cipitate separated  and  dried.  Analyses  of  very  pure  specimens  of  purree  by 
C.  Graebe  (Annalen,  ccliv.  265)  showed:  euxanthic  acid,  51  ;  silica  and 
alumina,  1 '5  ;  magnesia,  4 '2  ;  lime,  3 '4  ;  and  water  and  volatile  substances, 
39  per  cent.  The  analyses  of  Stenhouse  and  Erdmann  show  much  less  lime. 
Urea,  uric  acid,  and  hippuric  acid  have  also  been  found  in  purree.  The  poorer 
qualities  contain  considerable  quantities  of  euxanthone,  partly  free  and 
partly  in  combination.  For  the  isolation  of  the  euxanthic  acid  and  euxan- 
thone, and  the  assay  of  purree,  the  colouring  matter  should  be  triturated  with 
dilute  hydrochloric  acid  until  the  whole  has  assumed  the  bright  yellow  colour 
of  euxanthic  acid.  The  residue  is  then  well  washed  with  cold  water  to  remove 
the  salts,  and  the  euxanthic  acid  extracted  from  the  residue  by  ammonium 
carbonate  solution.  It  is  precipitated  from  the  filtrate  by  hydrochloric  acid, 
and  purified  by  crystallisation  from  alcohol.  The  euxanthone,  left  undissolved 
by  the  ammonium  carbonate,  is  treated  with  caustic  soda,  the  solution  preci- 
pitated with  an  acid,  and  the  precipitated  euxanthone  shaken  out  with  ether 
or  filtered  off  and  dried  at  100°. 

Euxanthic  acid  has  the  constitution  : — 

OH.C6H3-f  °Q  |  C6H3.O.CH(OH).(CH.OH)4.COOH 

It  forms  pale  yellow  needles,  which  melt  at  156°-158°.  It  has  a  sweet  taste  and 
bitter  after-taste,  is  but  slightly  soluble  in  cold  water,  very  sparingly  in  ether, 
but  readily  in  boiling  alcohol.  Alkalies  colour  the  solution  deep  yellow. 
Euxanthic  acid  does  not  reduce  Fehling's  solution,  nor  form  a  compound  with 
phenyl-hydrazine. 

Euxanthone  is  a  neutral  substance,  crystallising  in  pale  yellow  needles, 
soluble  in  alkalies  but  not  in  dilute  acids.  It  forms  no  compound  with 
phenyl-hydrazine. 
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(Ber.,  xv.  1965)  to  be  identical  with  glycuronic  acid> 
C19H18On  =  C13H804  +  C6H1007.  In  fact  purree  is  the  best  mate- 
rial for  the  preparation  of  glycuronic  acid,  which  can  be  obtained 
on  the  small  scale  by  the  following  process  : — The  artists'  water- 
colour  known  as  "  Indian  yellow "  is  ground  up  with  sand,  and 
then  treated  with  dilute  hydrochloric  acid,  which  dissolves  out 
calcium  and  magnesium  salts,  &c.  The  residue  is  washed  with 
water  and  treated  with  a  solution  of  ammonium  carbonate,  which 
dissolves  the  euxanthic  acid,  leaving  euxanthone  and  sand  undis- 
solved.  From  the  filtered  liquid  the  euxanthic  acid  is  precipitated 
by  dilute  hydrochloric  acid,  washed  with  cold  water,  and  then 
heated  with  water  in  a  closed  soda-water  bottle  to  125°  C.  for 
three  or  four  hours.  The  requisite  temperature  can  be  con- 
veniently obtained  by  immersing  the  bottle  in  a  bath  of  molten 
paraffin  wax  (candles).  From  the  cooled  product  the  euxanthone^ 
is  dissolved  by  agitation  with  ether,  and  the  glycuronic  anhydride 
crystallised  from  the  concentrated  aqueous  liquid. 

Glycuronic  acid  is  a  syrupy  liquid,  miscible  with  water  or 
alcohol.  When  the  aqueous  solution  is  boiled,  evaporated,  or 
even  allowed  to  stand  at  the  ordinary  temperature,  the  acid 
loses  the  elements  of  water  and  yields  the  anhydride  or 
lactone. 

GLYCURONIC  ANHYDRIDE,  C6H806,  forms  monoclinic  tables  or 
needles,  having  a  sweet  taste,  and  melting  at  about  160°  when 
heat  is  gradually  applied,  or  at  170°— 180°  when  heated  rapidly. 
The  anhydride  is  insoluble  in  alcohol,  but  dissolves  readily  in 
water  to  form  a  dextro-rotatory  solution.  [aD]  =  19*25°.  The 
solution  prevents  the  precipitation  of  cupric  solutions  by  alkalies, 
and  powerfully  reduces  hot  Fehling's  solution,  the  cupric  oxide 
reducing  power  being  9  8 '8,  compared  with  glucose  as  100. 

Glycuronic  acid  itself  is  dextro-rotatory  ([ot]D  =  +35°),  but  many 
of  its  compounds  are  Isevo-rotatory.1  It  reduces  Fehling's  solution 
on  heating,  and  precipitates  the  metals  from  hot  alkaline  solutions 
of  silver,  mercury,  and  bismuth. 

On  oxidation,  glycuronic  acid  yields  camphoric  and  formic  acids. 
By  treatment  with  bromine  it  yields  saccharic  acid,  C6H1008,  a 
reaction  which  indicates  the  presence  of  an  aldehyde-group  and 
the  close  relation  between  glycuronic  acid  and  dextrose.  Saccharic 
acid  can  again  be  reduced  to  glycuronic  acid  by  treatment  with 
sodium  amalgam,  further  treatment  yielding  gulonic  acid, 
C6H1207,  a  body  which  does  not  reduce  Fehling's  solution. 

1  After  taking  chloral  hydrate  the  urine  contains  trichlorethyl -glycuronic 
acid  ("  uro-chloralic  acid"),  a  Isevo-rotatory  body  which  is  decomposed  into- 
trichlorethyl  alcohol  and  dextro-rotatory  glycuronic  acid. 
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(Fischer  and  Piloty,  Ber.,  xxiv.  521  ;  abst.  Jour.  Chem.  Soc., 
1891,  667.) 

"When  boiled  with  caustic  alkali,  glycuronic  acid  yields  oxalic 
acid  as  an  invariable  product.  Catechol  and  protocatechuic  acid 
are  also  formed  if  concentrated  alkali  be  employed  for  the  treat- 
ment. 

Glycuronic  acid  is  distinguished  from  glucose  by  not  undergoing 
the  alcoholic  fermentation  when  treated  with  yeast.  On  the  other 
hand,  when  fermented  in  presence  of  cheese  and  chalk  it  yields 
lactic  and  acetic  acids. 

Glycuronic  acid  forms  a  potassium  salt  which  crystallises  in 
needles.  The  sodium  salt  is  similar.  The  zinc,  cadmium,  copper, 
silver,  and  calcium  salts  are  uncrystallisable.  The  barium  salt  is 
amorphous  and  soluble  in  water.  It  is  the  compound  employed 
for  the  isolation  of  glycuronic  acid  from  urine. 

With  phenyl-hydrazine,  glycuronic  acid  forms  a  yellow  crystal- 
line compound  melting  at  114°  to  115°  C-,  but  under  modified 
conditions  an  amorphous,  brownish-yellow  body,  melting  at  150° 
C.,  is  produced.  According  to  J.  A.  Hirschl,  normal  urine  yields 
this  compound. 

For  the  actual  isolation  of  glycuronic  acid  from  urine  a  large 
quantity  of  the  excretion  is  required.  The  method  has  been 
described  by  H.  H.  Ash  down  (Brit.  Med.  Jour.,  1890,  i.  169, 
and  Pharm.  Jour.,  [3],  xx.  607). 

On  distillation  with  hydrochloric  acid,  glycuronic  acid  is  decom- 
posed with  formation  of  furfuraldehyde,  carbon  dioxide,  and 
water.  Glycuronic  anhydride  and  urochloralic  acid  undergo  a 
similar  decomposition,  and  a  trace  of  furfurol  is  also  obtainable 
by  similarly  treating  normal  urine. 

F.  Mann  and  B.  Tollens  (Chem.  Centr.,  1894,  ii.  83)  have 
proposed  to  utilise  this  reaction  for  the  estimation  of  glycuronic 
acid  and  its  derivatives.  The  carbon  dioxide  obtained  on  distil- 
ling glycuronic  acid  with  hydrochloric  acid  amounted  to  2  6 '5  per 
cent.,  whereas  the  yield  from  dextrose  or  Isevulose  was  not  more 
than  1  per  cent.  The  furfurol  yielded  by  glycuronic  anhydride 
under  the  same  treatment  was  15 '2 3  per  cent,  of  the  weight  taken. 
Those  natural  compounds  which  readily  yield  glycuronic  acid  on 
treatment  with  dilute  acids  give  furfurol  on  distillation  with 
hydrochloric  acid,  and  the  proportion  obtained  is  a  measure  of  the 
glycuronic  acid  which  may  be  separated  from  such  compounds. 
Thus  euxanthic  acid  yielded  6 '16  to  7'17  per  cent,  of  furfurol; 
urochloralic  acid,  9*88  to  10'30  per  cent. ;  and  potassium  uro- 
butylchloralate,  9 '50  per  cent. 

Glycuronic  acid  occurs  in  the  urine  to  a  very  notable  extent 
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after  the  administration  of  morphine,  chloroform,  chloral,  butyl- 
chloral,  nitrobenzene,  camphor,  curare,  and  certain  other  drugs. 
It  was  undoubtedly  mistaken  for  glucose  by  the  older  observers. 
In  one  case  recorded  by  Ashdown  large  amounts  of  glycuronic 
acid  occurred  in  the  urine  of  a  healthy  young  man,  whose  excre- 
tion was  not  abnormal  either  in  volume  or  density.1 
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The  bile  contains  certain  conjugated  acids  which  are  strictly 
peculiar  to  that  secretion.  They  occur  as  sodium  salts,2  and  are 
not  found  in  the  pancreatic  juice,  or  in  other  normal  animal 
secretions. 

Human  bile  is  a  reddish,  reddish-brown,  or  dirty  green 
liquid,  having  an  odour  like  that  of  musk,  a  very  bitter  taste, 
and  a  faintly  alkaline  reaction.  The  specific  gravity  averages 
about  1'020.  In  its  original  condition,  bile  rapidly  putrefies, 
but  if  the  secretion  be  diluted,  acidulated  with  acetic  acid,  and 
filtered  from  the  precipitated  mucin,  &c.,  it  may  be  readily 
preserved. 

Bile  is  a  secretion  of  a  very  variable  character,  and  its  collection 
in  a  normal  state  is  attended  with  peculiar  difficulties.  The 

1  Glycuronic  acid  must  not  be  confounded  with  glycosuric  add,  a  body 
extracted  by  J.  Marshall  (Arch.  Pharm.,  [3],  xxv.  593,  and  Jour.  Chem. 
Soc.,  Hi.  1047)  from  pathological  urine  by  a  process  based  on  the  insolubility 
of  the  lead  salt  in  alcohol  of  45  per  cent.     Glycosuric  acid  crystallises  in 
opaque  tetragonal  prisms,  which  melt  at  140°,  are  readily  soluble  in  water, 
alcohol,  and  ether,  less  readily  in  chloroform,  and  insoluble  in  benzene, 
toluene,  and  petroleum  spirit.      Glycosuric  acid  contains  no  nitrogen,   is 
readily  and  completely  absorbed  by  animal  charcoal,  and  appears  to  be  a 
phenolic  derivative.      It  reduces  Fehling's  solution  more  powerfully  than 
glucose,  and  also  reduces  silver  nitrate  ;   but  not  bismuth  compounds  or 
alkaline  solutions  of  picric  acid.     On  evaporating  the  ethereal  solution  of 
glycosuric  acid  at  60°  the  liquid  takes  a  wine-red  colour,  which  is  imparted 
to  the  crystals  which  separate,   but  these  form  a  colourless  solution   in 
water. 

A.  Geyger  (Pharm.  Zeit.t  1892,  page  1488)  extracted  glycosuric  acid 
from  a  diabetic  urine  by  acidulating  it  with  sulphuric  acid  and  agitating 
with  ether.  The  ether  left  on  evaporation  a  crystalline  substance,  melting  at 
143°  C.,  which  proved  to  be  the  acid  in  question.  He  suggests  that  diabetic 
urine  should  always  be  examined  in  this  manner. 

2  In  the  bile  of  fresh-water  fish  the  bile-acids  exist  as  sodium  salts,  but 
in  the  bile  of  salt-water  fish  the  potassium  salts  of  these  acids  are  said  to 
predominate. 
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amount  secreted  daily  by  a  man  is  stated  to  average  50  ounces, 
and  by  a  woman  from  42  to  44  ounces.  The  following  analysis 
shows  the  general  composition  of  the  solids  of  human  bile  : — 

Sodium  glycocholate  and  taurocholate,   .         .         .9*14  per  cent. 
Cholesterin,  lecithin,  fat,  and  traces  of  soaps,          .       1*18        ,, 


Bile-pigments  ;  bilirubin,  biliverdin,  &c.,       .        .  } 

Mucin,1 / 

Inorganic  salts ;  chiefly  sodium  chloride,  and  iron, 
calcium,  and  magnesium  phosphates, 


'  }  078 


Total  solids, 

Water,          ....     85'92        „ 


100-00 

The  proportion  of  solids  shown  in  the  above  analysis  is  some- 
what above  the  average.  The  general  range  of  solids  is  from  8  to 
12  per  cent.,  being  highest  after  eating;  but  the  bile  obtained 
direct  from  the  liver  is  not  strictly  identical  with  that  contained 
in  the  gall-bladder. 

A  complex  and  concentrated  solution  such  as  bile  is  very 
apt  to  form  deposits  under  abnormal  conditions.  Hence  arise 
the  well-known  concretions  called  biliary  calculi  and  gall- 
stones.2 

1  The  mucin  of  human  bile  appears  to  be  true  mucin,  and  not  a  nucleo- 
albumin  as  in  ox-bile. 

2  BILIARY  CALCULI. — Under  this  denomination  are  comprised  all  those 
concretions  which  are  formed  in  the  bile.     They  are  found  in  all  parts  of  the 
biliary  apparatus,  occurring  most  frequently  in  the  gall-bladder  or  gall-ducts, 
but  sometimes  in  the  intestinal  canal.     Their  size  varies  from  very  small 
granules  to  (occasionally)  that  of  a  pigeon's  egg.     The  form  is  generally  oval, 
but  when  several  calculi  occur  together  in  the  gall-bladder,  facets  are  gener- 
ally formed  by  their  mutual  attrition.     The  colour  of  biliary  calculi  ranges 
from  nearly  white  to  yellow,  brown,  and  dark  green.     Gall-stones  are  generally 
brittle,  and  can  be  readily  reduced  to  a  powder  having  a  greasy  feel. 

Gall-stones  usually  contain  cholesterin  as  their  leading  constituent,  calcium 
carbonate  and  bile-pigments  being  also  present  in  very  variable  proportion. 
Fats,  silica,  uric  acid,  and  compounds  of  iron,  zinc,  copper,  and  manganese 
have  been  observed  as  occasional  constituents.  Sometimes  the  bile-pigments 
preponderate,  occasionally  amounting  to  60  per  cent,  of  the  calculus.  Besides 
bilirubin  and  biliverdin,  there  have  been  found  in  gall-stones : — 
biliprasin,  C^H^N,/)^  bilifuscin,  C16H10N204  (?),  bilicyanin, 
bilihumin,  &c.  The  bilirubin  exists  as  a  calcium  salt,  Ca(C16H17N203)2, 
which  circumstance  prevents  the  solution  of  the  colouring  matter  in  chloro- 
form unless  the  stone  be  previously  treated  with  acid.  On  boiling  powdered 
gall-stones  with  alcohol  or  ether,  cholesterin  is  almost  the  only  constituent 
dissolved.  Dilute  hydrochloric  acid  will  subsequently  dissolve  the  calcium, 
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A  very  complete  analysis  of  human  bile  has  been  published 
by  T.  Fairley  (Pharm.  Jour.,  [3],  xxi.  316).  For  analyses  of 
ox-bile  see  F.  Emich  (abst.  Jour.  Chem.  Soc.,  xlii.  1218). 

The  two  chief  acids  of  bile  are  glycocholic  acid  and  tauro- 
cholic  acid.  The  former  of  these  is  the  more  abundant  in 
human  and  ox-bile,  in  the  proportion  of  fully  three  to  one  ;  but 
is  replaced  by  taurocholic  acid  in  the  bile  of  the  dog  and  carni- 
vorous animals  generally.  Other  bile-acids  of  less  frequent  occur- 
rence and  abundance  are  also  met  with  (page  396). 

For  the  preparation  of  the  mixed  sodium  salts  of  the  bile- 
acids,  ox-bile  should  be  mixed  with  washed  sand,  and  evaporated 
at  100°  till  the  residue  can  be  powdered.  The  product  is  then 
extracted  with  boiling  absolute  alcohol,  which  dissolves  the  salts 
of  the  bile-acids,  while  leaving  pigment,  mucin,  and  a  portion  of 
the  inorganic  salts  undissolved.  The  green  alcoholic  solution  is 
filtered  and  boiled  with  animal  charcoal  till  colourless,1  when  it  is 
again  filtered,  the  filtrate  evaporated  to  a  syrup,  the  residue  taken, 
up  in  a  minimum  quantity  of  absolute  alcohol,  and  ether  added 
until  a  permanent  turbidity  is  produced.  On  standing  for  a  few 
hours,  the  mixed  sodium  salts  of  glycocholic  and  taurocholic  acids 
will  be  deposited  as  a  white,  semi-crystalline  mass  known  as 
"  Plattner's  crystals,"  which  should  be  pressed  between  blotting- 
paper  and  dried. 

From  the  sodium  salts  prepared  as  above,  free  glycocholic  acid 
may  be  readily  obtained  by  dissolving  the  crystals  in  a  little 
water,  adding  ether,  and  then  dilute  sulphuric  acid  as  long  as  a 
precipitate  is  produced.  On  stirring,  glycocholic  acid  separates  as 
a  crystalline  mass  of  shining  needles,  while  the  very  soluble  tauro- 
cholic acid  remains  in  solution. 

Both  glycocholic  and  taurocholic  acid  readily  undergo  hydro- 
lysis under  the  influence  of  dilute  acids  or  alkalies.  In  each  case 
one  of  the  products  of  the  reaction  is  cholalic  acid.  In  the 
case  of  glycocholic  acid,  the  second  product  is  glycocine  (page 
206),  while  taurocholic  acid  yields  taurin  (page  230).  The 
following  equations  express  the  reactions : — 

whether  existing  as  carbonate  or  as  the  bilirubin  compound,  and  chloroform 
will  then  dissolve  the  bilirubin  and  bilifuscin.  Subsequent  boiling  with 
alcohol  will  dissolve  biliverdin  and  biliprasin,  while  bilihumin  remains 
insoluble. 

Biliary  calculi  are  usually  saturated  with  bile,  which  has  desiccated  after 
removal  from  the  organism.  The  nucleus  generally  consists  of  mucus. 

1  An  alternative  plan  is  to  mix  the  original  bile  into  a  paste  with  animal 
charcoal,  dry  the  mixture  at  100°,  and  exhaust  it  with  boiling  absolute 
alcohol. 
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a.  C26H43N06  +  H20  =  C24H4005  +  C2H5N02 

Glycocholic  acid.  Cholalic  acid.  Glycocine. 

b.  C26H45NS07  +  H20  =  C24H4005  +  C2H7NS03 

Taurocholic  acid.  Cholalic  acid.  Taurine. 

These  changes  occur  naturally  in  the  intestines.  In  a  state  of 
health,  by  far  the  larger  proportion  of  the  products  is  re-absorbed, 
and  passes  back  to  the  liver. 

The  rarer  or  less-known  bile-acids  undergo  similar  changes. 
Thus  :— 

GLYCOFELLIC  ACID,  from  human  bile,  on  hydrolysis  yields 
fellic  acid,  C23H4004. 

HYO-GLYCOCHOLIC  ACID  and  HYO-TAUROCHOLIC  ACID,  from  pig's 
bile,  yield  hyo-cholalic  acid,  C^H^Og. 

CHENO- GLYCOCHOLIC  ACID  from  goose-bile  yields  cheno- 
cholalic  acid,  C^H^O^ 

Glycocholic  Acid.    C26H43N06. 

This  acid  was  first  described  by  Gmelin,  in  1826,  under  the 
name  of  cholic  acid.1  It  occurs  as  a  sodium  salt  in  human  and 
ox-bile  to  the  extent  of  three  to  five  per  cent.,  together  with  more 
or  less  of  the  analogous  taurocholic  acid.  The  bile  of  the  herbi- 
vora  generally  contains  glycocholic  acid,  but  that  of  the  carnivora 
contains  taurocholic  acid  with  mere  traces  of  glycocholic  acid. 

Glycocholic  acid  may  be  readily  prepared  by  the  process 
described  on  page  394.  By  pressing  the  crystals,  and  recrystal- 
lising  the  acid  from  hot  water,  it  is  obtained  perfectly  pure. 

Marshall  prepares  glycocholic  acid  by  treating  fresh  bile  with 
a  little  hydrochloric  acid,  and  filtering  from  the  precipitate  of 
mucin,  &c.  100  measures  of  the  filtrate  are  then  treated  with  5 
measures  of  hydrochloric  acid  and  30  measures  of  ether,  and  the 
mixture  shaken  and  allowed  to  stand  for  some  hours.2  The 
crystals  of  glycocholic  acid  which  form  are  then  filtered  off, 
washed  with  water  containing  ether  and  hydrochloric  acid,  dried 
in  the  air,  and  recrystallised  from  hot  water. 

Glycocholic  acid  forms  fine  glistening  needles,  which  taste  at 
first  sweet  and  afterwards  bitter.  It  melts  at  132°  to  134°  C. 

1  The  name  cholic  acid  has  also  been  applied  to  the  acid  produced  by 
the  hydrolysis  of  glycocholic  acid.     Owing  to  the  confusion  thus  occasioned, 
it  is  better  to  abandon  the  term  entirely,  calling  the  conjugated  acid  glyco- 
cholic acid,  and  the  product  of  its  hydrolysis  cholalic  acid. 

2  F.  Emich  (abst.  Jour.  Chem.  Soc.,  xlii.  1218)  recommends  the  use  of 
benzene  instead  of  ether  in  this  process,  and  states  that  bile  which  gives  no 
precipitate  with  ether  readily  gives  crystals  when  benzene  is  employed. 
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(Emich),  is  soluble  in  about  3000  parts  of  cold  or  120  parts  of 
boiling  water,  and  is  very  soluble  in  alcohol ;  but  is  very  slightly 
soluble  in  ether,  and  practically  insoluble  in  chloroform,  and 
benzene.  Glycocholic  acid  forms  salts  which  are  extremely  soluble 
both  in  water  and  in  alcohol,  but  very  slightly  soluble  or  insoluble 
in  ether.  An  alcoholic  solution  of  the  free  acid  has  an  optical 
activity  of  [a]D=  +29'0°;  but  the  specific  rotation  of  the  salts  is 
+  257°. 

Sodium  ylycocliolate,  NaC26H42N06,  forms  stellate  needles.  Potas- 
sium glycocholate  occurs  in  the  bile  of  certain  fishes. 

When  dissolved  in  warm  concentrated  sulphuric  acid  (or,  accord- 
ing to  Strecker,  by  simply  heating  above  100°),  glycocholic  acid 
loses  the  elements  of  water,  and  is  converted  into  glycocholonic 
acid,  C26H41]S[05,  a  body  forming  an  insoluble  barium  salt  but 
possessing  nearly  the  same  optical  activity  as  the  parent  acid. 

As  stated  on  page  394,  when  boiled  with  dilute  acids  or 
alkalies,  glycocholic  acid  undergoes  hydrolysis  with  formation  of 
cholic  acid  and  glycocine.  The  reaction  is  analogous  to  the 
formation  of  benzoic  acid  and  glycocine  from  hippuric  acid.1 

Taurocholic  Acid.    C25H45NS07. 

This  acid  is  a  constituent  of  the  bile  of  all  carnivora,  and  exists 
in  human  bile  together  with  glycocholic  acid.  The  preparation  of 
pure  taurocholic  acid  from  human  or  ox-bile  is  difficult,  since  the 
portion  of  the  glycocholic  acid  which  remains  in  solution  with  the 
more  readily  soluble  taurocholic  acid  is  very  troublesome  to  sepa- 
rate therefrom.  Hence  it  is  preferable  to  prepare  taurocholic  acid 
from  dog's  bile,  which  should  be  treated  by  the  process  described 
on  page  394  for  the  preparation  of  "Plattner's  crystals."  The 
sodium  salt  is  dissolved  in  water,  and  the  taurocholic  acid  pre- 
cipitated as  a  lead  salt  by  addition  of  ammonia  and  basic  acetate 
of  lead.  The  precipitate  is  filtered  off,  washed,  suspended  in 
alcohol,  and  decomposed  by  sulphuretted  hydrogen.  The  filtered 
liquid  is  concentrated  and  treated  with  excess  of  ether,  when 
taurocholic  acid  is  precipitated  as  a  syrupy  mass,  which  may 
become  partly  crystalline  on  standing. 

The  amount  of  taurocholic  acid  present  in  bile  may  be  deter- 

1  According  to  F.  Emich,  when  a  saturated  aqueous  solution  of  glycocholic 
acid  is  boiled  for  many  hours,  about  22  per  cent,  is  converted  into  p  a  r  a- 
glycocholic  acid,  an  intensely  bitter  substance  melting  at  183°,  and 
nearly  insoluble  in  water.  It  seems  probable  that  under  the  treatment 
employed  the  glycocholic  acid  suffers  hydrolysis,  with  formation  of  cholalic 
acid  or  one  of  its  decomposition-products,  which  is  the  substance  obtained 
by  Emich. 
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mined  without  isolating  it  by  calculation  from  the  amount  of 
sulphur  contained  in  the  alcoholic  extract  of  the  bile,  since  no 
other  sulphuretted  substance  passes  into  the  alcoholic  solution. 
For  this  purpose,  the  dried  alcoholic  extract  from  a  known  quan- 
tity of  bile  is  evaporated  to  dryness  on  a  water-bath  with  fuming 
nitric  acid,  by  which  treatment  the  sulphur  is  converted  into 
sulphuric  acid.  The  residue  is  taken  up  with  water,  and  the 
solution  precipitated  with  barium  chloride.  One  part  of  BaS04 
corresponds  to  2'16  parts  of  taurocholic  acid. 

Taurocholic  acid  forms  deliquescent  silky  needles,  very  soluble 
in  water  and  in  alcohol,  but  insoluble  in  ether.  The  same  ready 
solubility  characterises  the  salts  of  taurocholic  acid,  except  the 
precipitate  produced  by  basic  lead  acetate  in  presence  of  ammonia, 
which  is  insoluble  in  water  or  in  alcohol. 

Taurocholic  acid  and  its  salts  are  dextro-rotatory,  the  value  of 
[&]D  for  the  solution  of  the  sodium  salt  in  alcohol  being  +  24'5°. 

By  boiling  with  dilute  acids  or  alkalies,  taurocholic  acid  is 
1 1 y droly sed  with  formation  of  cholalic  acid  and  t a u r i n e  (page 
395).  The  same  decomposition  occurs  on  merely  boiling  an  aqueous 
solution  of  taurocholic  acid,  and  takes  place  naturally  in  the  intes- 
tines. This  behaviour  accounts  for  the  absence  of  unchanged 
taurocholic  acid  from  the  urine,  in  which  it  is  represented  by 
taurine  and  taurocarbamic  acid. 

Taurocholic  acid  possesses  the  power  of  completely  precipitating 
albumins  and  globulins  from  their  solutions,  but  it  does  not  pre- 
cipitate peptones.  It  is  stated  to  possess  powerful  antiseptic 
properties. 

Sodium  tauroclwlate  has  been  recommended  in  cases  of  gout, 
obesity,  and  dyspepsia  (Lancet,  April  25th,  1885,  and  Pharm.  Jour., 
[3],  xv.  948).  The  salt  is  prepared  by  exhausting  dried  ox-gall 
(a  very  bad  source)  with  alcohol,  and  adding  ether  gradually  till 
a  permanent  precipitate  is  produced,  when  the  sodium  glycocholate 
is  deposited  in  crystals  and  the  taurocholate  separates  in  resinous 
drops  on  the  sides  of  the  vessel.  The  commercial  product  is  a 
buff-coloured  powder  of  peculiar  taste,  producing  heartburn. 

Cholalic  Acid.    Cholic  Acid. 

t  CO.OH 

C^Os ;  *.*.,  probably,  C20H3J  (CH2.OH)2 

I  CH.OH 

Cholalic  acid  is  the  acid  product  of  the  hydrolysis  both  of 
glycocholic  acid  and  taurocholic  acid,  the  former  yielding  glyco- 
cine  and  the  latter  taurine  as  the  basic  product  of  the  decomposi- 
tion (page  395). 
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Cholalic  acid  occurs  in  the  small  and  large  intestines  as  a 
product  of  the  decomposition  of  the  bile-acids.  It  is  also  present 
in  the  faeces  of  men  and  the  lower  animals,  and,  under  abnormal 
conditions,  in  urine. 

For  the  preparation  of  cholalic  acid,  ox-bile  should  be  boiled 
for  twenty-four  hours,  in  a  flask  fitted  with  a  reflux  condenser, 
with  as  much  caustic  baryta  as  it  will  take  into  solution.  The 
liquid  is  filtered  while  still  hot,  and  the  filtrate  concentrated  until 
it  yields  a  copious  crop  of  crystals  of  barium  cholalate.  The  salt 
is  recrystallised  from  boiling  water,  decomposed  by  hydrochloric 
acid,  and  the  free  cholalic  acid  crystallised  from  a  small  volume 
of  boiling  alcohol.  Or  the  acid  may  be  dissolved  in  caustic  soda 
containing  a  little  ether,  and  the  solution  acidulated  with  hydro- 
chloric acid.  The  crystals  which  form  after  a  time  are  separated 
and  treated  with  ether,  which  is  poured  off  after  half  an  hour,  and 
the  residue  dissolved  in  boiling  alcohol.  Water  is  gradually 
added  to  this  solution  till  a  permanent  precipitate  appears,  when 
cholic  acid  will  crystallise  out  on  cooling.1 

As  thus  prepared  from  ox-bile,  cholic  acid  forms  rhombic  octa- 
hedra  or  tetrahedra  which,  according  to  Strecker  (Annalen, 
Ixvii.  1),  contain  2J  aqua.2  The  crystals  are  very  sparingly 
soluble  in  water,  requiring  750  parts  even  of  the  boiling  solvent; 

1  The  same  method  may  be  employed  for  the  estimation  of  the  cholalic  acid 
obtainable  from  bile,  but  for  this  purpose  Lassar-Cohn  (Ber. ,  xxvi.  146) 
recommends  the  following  process : — Twenty  c.c.  measure  of  the  bile  is  mixed 
with   2  grammes  of  caustic  soda,  the  liquid  boiled  for  twenty-four  hours, 
saturated  with  carbon  dioxide,  and  evaporated  to  dry  ness  at  100°.      The 
residue  is  boiled  with  nearly  absolute  alcohol,  until  free  from  the  salts  of 
organic  acids  which  are  only  sparingly  soluble  in  water,  and  the  solution, 
after  dilution  with  four  measures  of  water,  is  precipitated  by  0*5  gramme  of 
barium  chloride  in  dilute  solution.     The  filtered  liquid  is  acidified  with 
hydrochloric  acid,  and  shaken  with  ether.     This,  in  presence  of  the  alcohol, 
readily  extracts  the  cholalic  acid,  which  is  obtained  on  evaporating  the 
ethereo-alcoholic  solution.     Lassar-Cohn  obtained  the  following  percentage  of 
acids  from  a  sample  of  ox-bile  treated  in  the  above  manner  : — Cholalic  acid, 
4*790;  choleic  acid,  0*085;  myristic  acid,  0*004;  stearicand  palmitic  acids, 
0*146  :  resinous  acids,  0*120  ;  and  loss,  0*050  percent. 

2  According  to  M  y  1  i  u  s  (Ber.,  xix.  369)  cholic  acid  crystallised  from  alcohol 
contains  C^H^Og  +  C2H6O,  and  does  not  contain  2|  H20,  as  supposed  by 
Strecker.     Cholic  acid  crystallises  similarly  from  methyl  alcohol  or  acetone 
combined  with  one  molecule  of  the  solvent.     From  aqueous  solutions  it 
separates  either  in  minute  anhydrous  'crystals  or  in  rhombic  plates  with  1 
aqua. 

Mylius  states  that  bile  which  has  been  allowed  to  putrefy  for  some  time  does 
not  yield  cholic  acid  on  saponification,  but  a  mixture  of  choleic  acid  and 
desoxycholic  acid,  034114004. 
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"but  are  readily  dissolved  by  alcohol.  An  amorphous  form  of  the 
acid  is  said  to  be  obtainable  by  evaporating  its  solution  to  dry- 
ness.  It  is  described  as  more  soluble  than  the  crystals,  and 
separating  in  anhydrous  prisms  from  its  solution  in  ether.  When 
sodium  cholalate  is  decomposed  under  ether  by  adding  hydrochloric 
acid,  the  cholalic  acid  separates  in  rhombic  plates  containing  one 
molecule  of  water. 

Cholalic  acid  is  dextro-rotatory,  the  value  of  [a]D  for  the 
anhydrous  acid  being  +  50°,  while  that  for  the  crystallised  form 
containing  2J  aqua  is  said  to  be  only  +35°.  Hoppe-Seyler  found 
the  rotation  of  cholalic  acid  in  alcoholic  solutions  of  the  sodium 
salt  to  be  [a]D  =+31 '4°. 

Monacetyl-  and  diacetyl-derivatives  of  cholalic  acid  have  been 
obtained. 

Iodocholic  Acid. — Cholalic  acid  forms  a  curious  compound  with 
iodine,  to  which  the  formula  (C20H4005I)4,HI+zH20  is  ascribed. 
The  potassium  salt  of  this  body  is  best  obtained  by  adding  a  con- 
centrated aqueous  solution  of  1  gramme  of  potassium  iodide  to  a 
solution  of  2  grammes  of  cholalic  acid  and  0'8  gramme  of  iodine 
in  40  c.c.  of  alcohol.  The  solution  is  gradually  diluted  with  water 
Tintil  the  compound  separates  out  as  a  bright  blue  precipitate. 
This,  when  collected  and  washed  with  water,  forms  a  bronze- 
coloured  mass.  When  suspended  in  500  c.c.  of  water,  the  pro- 
duct forms  an  indigo-blue  liquid  which  on  heating  becomes  yellow 
with  separation  of  cholalic  acid.  The  same  decomposition  occurs 
by  excessive  dilution  in  the  cold,  the  solution  being  then  found 
to  contain  free  iodine.  Sulphurous  acid  and  other  reducing 
agents  decompose  the  blue  liquid  with  separation  of  cholalic  acid, 
and  the  same  decomposition  is  produced  by  adding  a  few  drops  of 
caustic  soda,  but  is  restored  on  the  addition  of  acid.  Free  iodo- 
cholic  acid  is  obtained  on  adding  a  small  quantity  of  hydriodic  acid 
to  the  brown  solution  of  iodine  and  cholalic  acid  in  alcohol.  The 
liquid  immediately  becomes  blue,  and  the  product  may  be  isolated  in 
a  manner  similar  to  the  potassium  salt  which  it  closely  resembles. 
When  iodocholic  acid  is  dried  in  a  vacuum,  a  dark,  lustrous, 
crystalline  powder  is  obtained  which  dissolves  in  ether  containing 
alcohol  to  a  yellow  solution.  This  on  evaporation  leaves  anhy- 
drous iodocholic  acid  as  an  amorphous  yellow  substance  which 
becomes  blue  in  presence  of  water. 

The  production  of  a  deep  blue  coloration  on  adding  iodised 
potassium  iodide  to  its  solution  is  a  Valuable  and  characteristic 
test  for  cholalic  acid,  especially  as  the  reaction  is  not  produced  by 
choleic  acid,  by  the  products  of  the  decomposition  of  cholalic  acid, 
nor  by  the  conjugated  acids  of  bile. 
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Barium  clwlalate  forms  fine  silky  needles  (often  radiated),  very 
soluble  in  boiling  water  and  in  alcohol. 

The  sodium  and  barium  salts  of  the  cholalic  acid  isolated  from 
human  bile  are  less  soluble  than  the  corresponding  compounds 
prepared  from  ox-bile.  The  difference  has  been  attributed  to  the 
non-identity  of  the  cholalic  acids  from  the  two  sources,  but  it 
appears  to  be  really  due  to  contamination  of  the  cholalic  acid  from 
human  bile  with  a  small  quantity  of  the  analogous  fellic  acid. 
The  cholalic  acids  from  the  bile  of  several  other  animals  also 
exhibit  certain  differences,  which  in  some  cases  at  least  are  due  to 
the  presence  of  associates  of  ordinary  cholic  acid.  Thus : — 

CHOLEIC  ACID,  C25H4904,  is  obtained  in  small  quantity,  together 
with  cholic  acid,  when  the  latter  is  prepared  from  ox-bile.  It  is 
soluble  at  20°  in  22,000  parts  of  water,  in  750  of  ether,  in  14 
parts  of  absolute  alcohol,  and  in  25  parts  of  alcohol  of  75  per  cent. 
Barium  choleate  dissolves  in  1200  parts  of  cold  water,  the  solu- 
bility rapidly  increasing  with  the  temperature.  Choleic  acid  is 
dextro-rotatory,  the  value  of  [a]D  at  20°  C.,  in  a  6  per  cent,  solu- 
tion in  alcohol  of  O'Sll  specific  gravity,  being  +8'1°. 

DESOXYCHOLIC  ACID,  C24H4004,  was  obtained,  together  with 
choleic  acid,  from  bile  which  had  been  allowed  to  putrefy  for 
some  time.  Desoxycholic  acid  differs  from  cholalic  acid  in  its 
taste,  its  ready  solubility  in  alcohol,  and  in  its  sparing  solubility 
in  acetic  acid. 

FELLIC  ACID,  C23H4004,  occurs  with  cholalic  acid  in  human  bile. 
It  has  a  bitter  taste,  melts  at  120°,  and  forms  very  sparingly  soluble 
barium  and  magnesium  salts.  Fellic  acid  gives  a  red  colour  but 
not  a  violet  colour  with  Pettenkb'fer's  test  (C.  Schotten,  Zeits. 
physiol.  Cliem.,  xi.  268). 

HYOCHOLIC  ACID,  C^H^O^  and  CHENOCHOLIC  ACID,  C27H4404, 
are  obtained  by  the  hydrolysis  of  the  conjugated  acids  of  the  bile 
of  the  pig  and  the  goose  respectively. 

CHOLOIDIC  ACID,  C24H3804,  and  DYSLYSIN,  C^H^Og,  are  pro- 
ducts of  the  dehydration  of  cholalic  acid  by  boiling  for  some  time 
with  hydrochloric  or  sulphuric  acid,  or  by  exposure  to  a  tempera- 
ture of  200°  C.  Dyslysin  is  an  amorphous  substance,  soluble  in 
a  large  quantity  of  ether,  and  is  dissolved  by  solutions  of  cholalic 
acid  and  its  salts.  The  various  modifications  of  cholalic  acid 
obtainable  from  different  sources  are  each  said  to  yield  their  own 
variety  of  dyslysin. 

The  colour-reaction  for  bile  acids  known  as  Pettenkofer's 
test  is  described  on  next  page. 

The  following  is  a  tabular  scheme  for  the  separation  of  bile- 
acids  : — 
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SCHEME  FOB  THE  SEPARATION  OF  BILE  ACIDS. 


Dissolve  the  sodium  salts,   precipitated  by  ether,  in  water,  and  precipitate  the 

solution  by  neutral  lead  acetate. 

PRECIPITATE  contains  the  lead  salts  of 

FILTRATE    contains    taurocholic    acid. 

cholalic   and   glycocholic   acids.    Boil 

Add  a  solution  of  basic  lead  acetate 

with  alcohol,  and  evaporate  the  solu- 

and ammonia,  wash  and  convert  the 

tion  to  dryness  with  sodium  carbonate. 
Take  up  with  alcohol,  and  precipitate 

precipitate  to  the  sodium  salt.     Boil 
the  latter  for  six  hours  with  hot  satu- 

the  filtered   liquid  with   ether;   both 

rated  baryta-water.    The  taurocholic 

acids   give    crystalline    sodium    salts. 

acid  is  hydrolysed,  with  the  formation 

Sodium   glycocholate    forms    six-sided 

of  taurin  and  cholalic   acid.     Filter 

prisms,  with  a  single  face  having  very 

the   boiling  liquid,  and  pass  carbon 

oblique  truncations.    Agitate  the  liquid 
with  dilute  sulphuric  acid  and  ether, 

dioxide  through   the   filtrate.    Filter 
again,  and  add  hydrochloric  acid  to 

and  filter. 

the  filtrate. 

PRECIPITATE     may 

FILTRATE  may  con- 

PRECIPITATE   con- 

FILTRATE.       Add 

contain     choloidic 

tain  cholalic  acid, 

sists    of    cholalic 

sufficient  sulphu- 

and       glycocholic, 
acids.      Choloidic 

which  may  be  re- 
cognised   by     its 

acid  (see  page  398). 

ric   acid   to   pre- 
cipitate   any    re- 

or   cholei'c     acid 

crystalline    form, 

maining    barium. 

may  be  recognised 
by   its   character- 

and by  the  char- 
acters of  its  barium 

The  excess  of  sul- 
phuric acid  is  then 

istic   resinous  ap- 

salt (see  page  400). 

removed  by  addi- 

pearance, and  by 

tion   of  lead   hy- 

its    precipitation 

droxide,  and  any 

as     a    resin     on 

lead   which    may 

acidifying  a  solu- 

have dissolved  is 

tion  of  one  of  its 

precipitated      by 

salts. 

passing      sulphu- 

retted  hydrogen. 

The    solution    is 

finally  evaporated 

to  dryness  on  the 

water-bath,     and 

the  residue  taken 

up  with   alcohol. 

Any    undissolved 

matter  is  taurin. 

When  it  is  merely  desired  to  ascertain  the  amounts  of  glyco- 
cholic and  taurocholic  acids  in  a  mixture  of  their  sodium  salts, 
this  can  be  effected  by  oxidising  a  weighed  quantity  of  the  mixture 
with  fuming  nitric  acid,  and  converting  the  resultant  sulphuric 
acid  into  barium  sulphate,  as  described  on  page  397.  100  parts 
of  BaS04  represent  225 '3  parts  of  sodium  taurocholate,  and  by 
deducting  the  amount  thus  found  from  that  of  the  mixed  sodium 
salts  the  weight  of  sodium  glycocholate  may  be  obtained. 

PETTENKOFER'S  REACTION  FOR  BILE-ACIDS. — The  most  delicate 
and  characteristic  reaction  of  cholalic  acid  is  that  known  as 
Pettenkb'fer's  test,  but  which  would  be  more  appropriately 
termed  the  furfurol  reaction.  It  depends  on  the  vivid 
purple  coloration  produced  on  treating  cholalic  acid  with  strong 
sulphuric  acid  and  furfurol  or  any  substance  (such  as  sugar) 
capable  of  yielding  furfurol  by  reaction  with  the  acid.  The 
reaction  is  common  to  all  the  varieties  of  cholalic  acid,  and  also 
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to  the  conjugated  forms  in  which  they  exist  iii  bile  from  various 
sources.  As  the  detection  of  bile,  especially  in  urine,  is  often  of 
considerable  pathological  importance,  the  reaction  has  a  practical 
interest. 

Pettenkofer's  reaction  is  most  simply  observed  by  treating  a 
drop  of  bile  on  a  porcelain  surface  with  a  drop  of  a  solution  of 
cane-sugar  and  adding  a  drop  of  strong  sulphuric  acid.  A  bright 
cherry-red  colour  will  be  produced,  and,  either  at  once  or  on 
gently  warming  the  mixture,  will  rapidly  change  to  a  magnificent 
purple  tint,  ultimately  becoming  bluish.  Too  high  a  temperature 
must  be  carefully  avoided,  or  the  reaction  will  be  obscured  by 
charring  of  the  sugar,  and  excess  of  sugar  should  be  avoided  for 
the  same  reason.  Hence  it  has  been  proposed  to  employ  furfurol 
instead  of  sugar  in  important  cases. 

In  using  furfurol,  1  c.c.  of  the  liquid  to  be  tested,  which  may 
be  either  aqueous  or  alcoholic,  is  treated  in  a  test-tube  with  1  drop 
of  a  solution  of  furfurol  in  1000  parts  of  water.  One  c.c.  of 
concentrated  sulphuric  acid  is  then  added,  and  the  tube  immersed 
in  water  till  the  temperature  does  not  exceed  50°  to  60°  C. 

The  tendency  to  char  which  attends  the  use  of  cane-sugar  may 
be  avoided  by  employing  glucose  in  its  place.  If  a  little  glucose 
be  dissolved  in  concentrated  sulphuric  acid,  and  a  few  drops  of 
the  freshly-made  reagent  be  allowed  to  fall  in  the  centre  of  a 
small  pool  of  urine  on  a  white  plate,  the  play  of  colours  produced 
in  the  presence  of  bile-acids  may  be  observed  under  very  favourable 
conditions. 

It  has  also  been  proposed  to  employ  phosphoric  acid  in  place 
of  sulphuric  acid,  but  the  substitution  is  not  desirable. 

Unfortunately,  Pettenkofer's  reaction  is  not  peculiar  to  the  bile- 
acids.  Udranszky  has  enumerated  seventy -six  organic  substances 
which  behave  somewhat  similarly,  but  of  these  only  a-naphthol 
gives  the  reaction  as  readily  as  the  bile-acids.  A  useful  confirma- 
tion of  the  reaction  is  afforded  by  the  absorption-spectrum  of  the 
colouring  matter.  For  this  purpose  the  colour  should  be  produced 
a,s  already  described,  and  the  purple  liquid  diluted  with  glacial 
acetic  acid  or  alcohol  until  the  tint  is  of  suitable  depth  for  obser- 
vation of  the  spectrum.  The  colouring  matter  from  bile-acids 
exhibits  four  absorption-bands.  Of  these,  the  band  slightly  on  the 
red  side  of  the  Fraunhofer  line  E,  and  another  about  F,  are  the 
best  defined.  Two  others  may  be  observed  near  D.  On  further 
dilution  of  the  liquid,  these  two  bands  disappear  entirely,  and  that 
between  D  and  E  becomes  indistinct,  but  the  most  refrangible 
band  still  persists.  The  cherry-red  colour  produced  by  albumin, 
when  treated  with  sulphuric  acid  and  sugar,  shows  but  one  absorp- 
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tion-band,  between  E  and  F,  and  does  not  exhibit  the  dichroism. 
characteristic  of  the  colouring  matter  from  bile-acids. 

The  colouring  matter  formed  in  Pettenkb'fer's  reaction  is  soluble 
in  ether. 

Pettenkofer's  reaction  is  obscured  or  actually  falsified  by  pro- 
teids,  fatty  matters,  and  certain  colouring  and  extractive  matters, 
and  hence  it  is  important  to  remove  these  before  employing  the 
test.  In  applying  the  test  to  urine,  purification  is  usually  suffi- 
ciently effected  by  rendering  the  liquid  distinctly  but  not  strongly 
acid  with  acetic  acid,  boiling  for  a  minute  or  two,  and  filtering 
from  any  mucus,  albumin,  &c.,  which  may  be  precipitated. 

In  applying  Pettenkofer's  test  to  urine,  it  is  often  desirable  to 
concentrate  the  liquid  previously  on  the  water-bath.  A  little 
cane-sugar  or  glucose  is  then  dissolved  in  it,  and  a  portion  of  the  cold 
liquid  placed  in  a  test-tube.  Strong  sulphuric  acid  is  then  allowed 
to  run  down  the  side  of  the  tube  so  as  to  form  a  distinct  layer 
below  the  urinous  liquid,  when  the  characteristic  purple  coloration 
will  be  developed  at  the  junction  of  the  two  strata  if  any  bile- 
acids  be  present.  An  alternative  and  very  delicate  mode  of  per- 
forming the  test  is  to  dip  a  slip  of  filter-paper  in  the  sweetened 
urine,  and  allow  it  to  dry  spontaneously.  When  dry,  a  drop  of 
concentrated  sulphuric  acid  is  applied  to  the  paper  by  means  of  a 
glass  rod,  when  if  bile-acids  be  present,  even  to  the  extent  of 
0*03  per  cent.,  in  less  than  half  a  minute  a  violet  stain  will  be 
produced  on  the  paper,  which  is  best  viewed  by  transmitted  light. 

In  certain  cases  it  is  an  advantage  previously  to  isolate  the  bile- 
acids  from  the  urine  in  an  approximately  pure  condition  before 
applying  Pettenkofer's  test.  For  this  purpose  the  largest  volume 
of  urine  available  should  be  boiled,  filtered,  and  treated  with  lead 
acetate  and  ammonia  as  long  as  a  precipitate  forms.  The  precipi- 
tate is  filtered  off,  washed  well,  pressed,  and  boiled  with  alcohol, 
which  dissolves  the  lead  salts  of  the  bile-acids,  leaving  the  urate, 
phosphate,  &c.,  insoluble.  The  alcoholic  liquid  is  filtered  boiling 
hot,  and  evaporated  on  the  water-bath  with  a  few  drops  of  a  solu- 
tion of  sodium  carbonate.  From  the  residue  the  sodium  salts  of  the 
bile-acids  are  dissolved  by  alcohol,  and  to  the  solution  Petten- 
kofer's and  other  tests  can  be  advantageously  applied.  To  detect 
traces  of  bile-acids,  the  alcoholic  solution  of  the  sodium  salts  is 
concentrated  to  a  few  drops,  and  three  or  four  drops  of  dilute 
sulphuric  acid  (1:4)  added,  together  with  a  minute  quantity  of 
cane-sugar  or  glucose.  The  liquid  is  then  evaporated  at  a  gentle 
heat,  when  the  characteristic  violet  coloration  will  be  produced 
with  as  little  as  O'OOOl  gramme  of  bile-acids. 

It  must  be  remembered  that  while  Pettenkofer's  reaction  is 
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given  by  all  the  acids  of  bile,  and  by  the  acid  products  of  their 
hydrolysis,  no  similar  coloration  is  produced  by  taurin  or  by 
biliary  pigments  (see  below).  Medical  men  often  fall  into  error 
on  this  point,  and  assume  the  absence  of  bile-pigments  from  urine 
because  the  sample  gives  a  negative  reaction  with  Pettenkofer's 
test.  It  is  a  fact  that  in  jaundice  the  urine  contains  very  little 
bile-acids,  and  frequently  they  are  entirely  absent,  while  on  the 
other  hand  the  bile-pigments  are  conspicuously  present  in  the 
urine  of  jaundiced  persons. 

Bile-Pigments. 

Bile  contains  certain  colouring  matters  which  are  derived  from 
haemoglobin1  and  are  not  chemically  related  to  the  bile-acids. 

BILIRUBIN,  C16H18N203,2  is  the  yellow  pigment  of  the  bile  of 
man  and  herbivorous  animals.  It  is  troublesome  to  prepare  pure, 
but  is  best  obtained  by  extracting  powdered  human  gall-stones 
with  ether,  which  extracts  cholesterin.  The  residue  is  boiled 
with  water,  and  treated  with  dilute  hydrochloric  acid  to  decom- 
pose the  calcium  salt,  Ca(C16H17N203)2,  which  is  the  form  in 
which  bilirubin  occurs  in  gall-stones.  The  mass  is  washed,  dried, 
and  extracted  with  chloroform ;  the  chloroform  distilled  off,  and 
the  residue  treated  with  absolute  alcohol.  It  is  then  again  dis- 
solved in  chloroform,  and  precipitated  by  absolute  alcohol. 

Bilirubin  is  an  orange  powder,  insoluble  in  water,  alcohol,  or 
ether,  but  soluble  with  some  difficulty  in  benzene  and  chloroform. 
It  dissolves  in  alkalies  with  orange  colour,  and  is  precipitated  un- 
changed if  hydrochloric  acid  be  at  once  added,  and  may  be  extracted 
by  agitation  with  chloroform  ;  but  if  the  alkaline  liquid  be  exposed 
to  the  air  it  gradually  absorbs  oxygen,  and  then  yields  a  green 
precipitate  of  biliverdin,  C16H18N204,  when  acidulated.  If  the 
oxidation  be  carried  further,  as  by  adding  fuming  nitric  acid  to 
an  alkaline  solution  of  bilirubin  mixed  with  an  equal  measure  of 
alcohol,  a  blue  pigment,  bilicyanin,  is  formed;  next  a  violet,, 
which  is  perhaps  a  mixture  of  the  red  and  blue  ;  then  a  red 
colouring  matter ;  and  lastly  a  yellow  pigment,  called  by  Maly 
choletelin,  and  said  to  have  the  composition  C16H18N206. 

The  foregoing  colour-reactions  may  be  conveniently  observed  by 
spreading  a  drop  of  bile  in  a  thin  film  on  a  porcelain  plate,  and 

1  The  bile- pigments  contain  no  iron,  which,  however,  exists  in  the  bile  in 
the  form  of  phosphate,  and  is  deposited  in  comparatively  large  amount  in  the 
liver  in  cases  of  pernicious  anaemia. 

2  Thudichum  has  attributed  to  bilirubin  the  composition  C9H9N02  ; 
but  the  correctness  of  the  formula  given  in  the  text  has  been  proved  by 
Kaoult's  method  (Jour.  Chem.  Soc.t  Iviii.  76). 
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placing  a  drop  of  fuming  nitric  acid  in  the  centre,  when  a  series  of 
rings  will  be  produced,  coloured  successively  green,  blue,  violet, 
red,  and  yellow.  By  placing  the  platinum  terminals  of  a  battery 
of  four  Grove's  cells  in  some  bile,  the  succession  of  colour-reactions 
due  to  the  oxidation  of  bilirubin  will  be  produced  round  the  anode, 
and  can  be  observed  to  great  advantage.  On  reversing  the  current 
the  colour-changes  occur  in  the  opposite  order. 

By  the  reduction  of  bilirubin  in  alkaline  solution  by  means  of 
sodium  amalgam,  Maly  obtained  hydrobilirubin,  C32H40N407, 
or  C32H36N405-j-2H20,  said  by  some  observers  to  be  identical  with 
u rob ili n,  the  colouring  matter  of  normal  urine.1  Hydrobilirubin 
is  also  identical  with,  or  closely  related  to,  stercobilin,  the 
colouring  matter  of  faeces  in  a  state  of  health,  but  is  absent  during 
-an  attack  of  jaundice,  when  the  faeces  are  slate-coloured. 

BILIVERDIN,  C16H18N204,  exists  in  human  bile,  but  is  especially 
characteristic  of  the  bile  of  herbivorous  animals.  It  is  produced 
with  great  facility  by  the  oxidation  of  bilirubin,  from  which  it 
•differs  in  colour  (dark  green),  its  insolubility  in  chloroform,  and 
its  ready  solubility  in  alcohol.  It  is  also  soluble  in  benzene  and 
in  carbon  disulphide,  but  is  only  slightly  soluble  in  ether.  If 
fuming  nitric  acid  be  added  to  an  alcoholic  solution  of  biliverdin 
a  bluish-violet  coloration  is  produced,  changing  to  red  and  finally 
to  yellow  with  excess  of  acid. 

Detection  of  Bile-Pigments  in  Urine. — The  colouring  matters  of 
foile  are  not  present  in  normal  urine,  but  in  certain  diseases 
(jaundice,  &c.)  they  exist  in  very  appreciable  amount.  Such  urine 
•exhibits  a  yellowish-green,  green,  greenish-brown,  or  almost  black 
colour.  Bilirubin  predominates  in  bilious  urine  of  a  saffron-yellow 
•colour ;  while  biliverdin  and  other  oxidation- products  are  present 
in  greenish  urine.  Bilious  urine  gives  a  yellow  froth  on  agitation, 
and  stains  linen  and  filter-paper  yellow.2 

A  variety  of  tests  have  been  proposed  for  the  detection  of  bile- 
pigments  in  urine,  but  the  following  are  the  most  delicate,  and 
answer  every  purpose  : — 

Gmelin's  Test  consists  in  treating  the  urine  with  strong  nitric 

1  This  is  denied  by  MacMunn,  who  obtained  a  similar  substance  by  the 
.action  of  reducing  agents  on  hsematin  and  haematoporphyrin.     The  whole 
subject  of  the  relation  between  the  colouring  matters  of  bile  and  urine  requires 
re-investigation.     A  recent  interesting  research  on  the  subject  has  been  pub- 
lished by  A.  Jo  11  is  (Pflugers  Archiv.,  1895,  Ixi.  623;  abst.  Jour.  Ohem. 
JSoc.,  1896,  ii.  51). 

2  If  the  dyed  filter- paper  be  treated  with  a  drop  of  nitric  acid,  the  margin 
of  the  spot  will  become  violet  or  deep  blue,  while  the  centre  gradually  changes 
to  emerald-green. 
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acid  and  observing  the  change  of  colour  produced.  The  reaction 
is  best  observed  by  allowing  some  of  the  urine  to  run  gently  on  to 
the  surface  of  some  fuming  nitric  acid  contained  in  a  test-tube* 
If  bile-pigments  be  present,  a  green  ring  will  become  apparent  at 
the  point  of  contact,  while  below  this  will  appear  violet,  red,  and 
yellow  zones,  in  the  order  named.  The  green  colour  is  alone 
characteristic  of  bilious  urine,  since  indigogens  give  rise  to  blue- 
and  red  colorations.  The  urine  of  patients  who  have  taken 
potassium  iodide  also  gives  a  red  zone  with  nitric  acid. 

Various  modifications  of  Gmelin's  reaction  have  been  proposed,, 
but  they  possess  no  advantage  over  the  above  mode  of  applying 
the  test. 

Rosins  test  for  bile-pigments  consists  in  allowing  very  dilute 
iodine  solution  or  bromine-water  to  flow  on  to  the  surface  of  the 
urine  from  a  pipette.  A  grass-green  ring  is  produced  at  the 
junction  of  the  two  strata. 

For  the  detection  of  traces  of  bile-pigments,  often  of  great 
clinical  and  physiological  importance,1  the  urine  should  be  treated 
with  a  moderate  excess  of  lime-water,  and  the  excess  of  lime  pre- 
cipitated as  carbonate,  by  passing  carbon  dioxide  gas  or  adding 
seltzer-water,  till  the  liquid  no  longer  exhibits  an  alkaline  reaction 
to  litmus  (or  preferably  to  phenol-phthalein).  The  precipitate  is 
collected  on  a  filter,  and  treated  with  fuming  nitric  acid,  when 
the  green  and  other  colours  already  described  will  become  evident 
if  bile  be  present.  Or  the  precipitate  may  be  boiled  with  alcohol 
acidulated  with  sulphuric  acid,  when  the  supernatant  liquid  will 
acquire  a  grass-green  colour,  a  white  deposit  of  calcium  sulphate 
being  simultaneously  formed.  (See  also  Hilger,  Arch.  d.  Pharm.y. 
ccvi.  385.) 

Another  reliable  test  for  bile-pigments  in  urine  is  to  treat  30  c.c. 
(or  1  oz.)  of  the  sample  with  about  one-third  of  its  bulk  of  a 
20  per  cent,  solution  of  zinc  acetate,2  after  previously  neutralising 
most  of  the  free  acid  by  sodium  carbonate.  The  voluminous  pre- 

1  In  two  specimens  of  highly  icteric  urine,  after  the  occurrence  of  am- 
moniacal  fermentation  Salkowski  could  detect  no  bilirubin  by  Gmelin's 
test,  and  extraction  yielded  no  unchanged  biliary  pigment.     He  suggests 
that  this  decomposition  of  bilirubin  without  the  formation  of  any  character- 
istic products  was  probably  the  result  of  the  activity  of  bacteria,  and  may 
explain  other  cases  of  jaundice,  in  which  the  urine,  though  dark  coloured, 
gave  no  evidence  of  the  presence  of  bile-pigments. 

2  Zinc  acetate  may  be  readily  extemporised  by  treating  lead  acetate  with 
zinc  sulphate  in  slight  excess,  and  filtering  from  the  precipitated  lead  sul- 
phate.    Or  sodium  acetate  may  be  added  to  a  solution  of  zinc  sulphate  or 
chloride,  the  sodium  sulphate  or  chloride  formed  simultaneously  with  the 
zinc  acetate  being  disregarded. 
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cipitate  is  filtered  off,  washed,  and  treated  with  a  little  ammonia. 
In  presence  of  bile-pigments  the  ammoniacal  liquid  is  usually 
fluorescent,  and  either  at  once  or  on  standing  shows  the  absorp- 
tion-spectrum of  bilicyanin,  characterised  by  bands  on  each 
side  of  the  D  line,  and  a  third  between  b  and  F. 

It  must  be  remembered  that  some  urines  which  contain  when 
fresh  only  a  small  amount  of  bile-pigment,  will,  after  being  exposed 
to  the  air  for  several  days,  show  no  bilirubin  whatever,  urobilin 
having  taken  its  place.1  The  source  of  the  urobilin  in  the  faeces 
is  also  doubtless  the  bile-pigment,  unaltered  bile-pigment  never 
occurring  in  normal  faeces. 

Urinary  urobilin  exhibits  a  green  fluorescence  when  the  urine 
is  rendered  ammoniacal,  and  a  few  drops  of  zinc  chloride  are 
added.  It  shows  a  well-marked  absorption-band  between  the 
Fraunhofer  lines  b  and  F.  The  coloured  products  formed  from 
bilirubin  by  oxidation,  with  the  exception  of  the  final  yellow 
product  choletelin,  all  exhibit  a  similar  fluorescence  with  ammonia 
and  zinc  chloride,  and  show  an  absorption-band  near  F ;  but  less 
sharply  defined  than  that  in  the  spectrum  of  urobilin,  which, 
however,  they  closely  resemble. 

From  some  urines  pigments  can  be  separated  which  possess  all 
the  characters  of  the  red  and  brown  oxidation-products  of  bili- 
rubin, while  others  yield  a  substance  identical  with  choletelin. 
Hence  the  colouring  matters  of  normal  urine,  which  may  be 
termed  physiological  urobilins,  are  oxidation-products 
of  bilirubin,  while  pathological  urobilins  are  reduction- 
products  of  the  same  substance.  Pathological  urobilins  are  pro- 
duced in  some  cases  from  bilirubin,  but  can  be  formed  from  blood- 
pigment  directly  after  extravasation  of  blood. 


LACTIC  ACIDS. 

The  lactic  acids  have  the  constitution  of  hydroxypropi- 
onic  acids.2  Two  chemical  isomers  of  such  constitution  are 
possible,  according  as  they  are  derived  from  ethidene  (ethylidene) 
or  from  ethylene.  Ordinary  lactic  acid  is  the  former  of  these 
isomers,  while  the  second,  sometimes  called  hydracrylic  acid, 
is  obtainable  by  synthetical  means.  The  optically  active  modi- 

1  Fresh  urine  containing  but  little  urobilin  often    becomes  darker  on 
exposure  to  the  air,  a  change  probably  due  to  the  formation  of  urobilin  from 
a  substance  called  by  MacMunn  urobilinogen. 

2  The  lactic  acids  are  homologous  with  glycollic  acid,  hydroxybutyric  acid, 
and  hydroxycaproic  or  leucic  acid. 
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fications  of  lactic  acid,  of  which  one  occurs  in  the  juice  of  flesh, 
and  is  hence  called  sarcolactic  acid,  are  physical  isomers  of 
ordinary  lactic  acid  (page  419).  The  following  formulae  show 
the  constitution  of  the  two  chemical  modifications  of  lactic  acid : — 

ETHIDENE  LACTIC  ACID.  ETHYLENE  LACTIC  ACID. 

a-Hydroxypropionic  Acid.  /3-Hydroxypropionic  Acid. 

OH  OH 

H— C— CH3  H— C— H 

I  I 

CO.OH  CH2.CO.OH 

Ethidene  Lactic  Acid.     Inactive  Lactic  Acid. 

Fermentation  Lactic  Acid.     a-Hydroxypropionic  Acid. 
C3H603;  i.e.,  CH8.CH(OH).COOH 

Lactic  acid  was  first  obtained  by  Scheele,  in  1780,  from  sour 
milk.  It  exists  ready-formed  in  both  the  animal  and  the  vegetable 
kingdoms.1  Lactic  acid  is  formed  by  a  peculiar  fermentation  of 
carbohydrates  such  as  sugar,  gum,  starch,  mannitol,  and  particu- 
larly of  milk-sugar,  in  the  presence  of  casein  or  other  proteids. 
Hence  lactic  acid  is  contained  in  sour  milk  (but  not  in  fresh  milk), 
jn  sourkrout,  pickles,  distillery-wash,2  sour  beer,  &c.  The  acid 
contained  in  sour  tan-liquors  and  the  acid  runnings  of  starch- 
makers,  &c.,  called  by  Braconnot  nanceic  acid,  and  the  so-called 
thebolactic  acid  contained  in  opium  are  also  ordinary  lactic 
acid. 

Lactic  acid  is  obtainable  by  various  synthetical  processes, 
including  : — The  action  of  nitrous  acid  on  alanine  ;  the  oxidation 
of  a-propylene-glycol  by  nitric  acid;  the  action  of  alkalies  on 
a-chloro-  or  bromo-propionic  acid ;  the  reaction  of  aldehyde  with 
hydrocyanic  acid,  and  treatment  of  the  resulting  hydroxycyanide 

1  It  is  a  mistake  to  suppose  tliat  lactic  acid  is  always  a  product  of  fermen- 
tation, and  not  a  normal  product  of  vegetation.     Many  seeds  contain  lactic 
acid,  and  Windisch  has  found  it  in  potatoes.     The  view  that  lactic  fermenta- 
tion is  due  to  a  specific  ferment  is  contradicted  by  the  investigations  of 
Martmann.      Lintner  has  similarly  observed  that  Pediococcus  acidi 
lactici  causes  a  considerable  lactic  fermentation  in  malt-worts,  and  H  a  y  d  u  c  k 
has  noticed  the  formation  of  lactic  acid  in  the  spontaneous  fermentation  of  a 
malt-wort  in  which  no  lactic  ferments  could  be  detected,  and  which  only 
contained  sarcina  in  bundle  form. 

2  Spent  distillery  wash,  technically  called  pot-ale  or  burnt  ale,  con- 
tains about  3  per  cent,  of  solid  matters,  of  which  about  1  per  cent,  consists 
of  lactic  and  other  acids,  0  "7  of  peptones  and  other  nitrogenous  matters,  and 
07  per  cent,  of  mineral  matters,  in  which  phosphates  predominate. 
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\vith  hydrochloric  acid 1 ;  the  cautious  oxidation  of  glycol  with 
.-spongy  platinum  or  dilute  nitric  acid;  &c. 

Lactic  acid  is  commonly  directed  to  be  prepared  by  dissolving 
2,  kilogrammes  of  cane-sugar  arid  15  grammes  of  tartaric  acid  in 
17  litres  of  boiling  water,  and  allowing  the  solution  to  stand  for 
-some  days.  100  grammes  of  decaying  cheese  should  then  be 
macerated  in  4  litres  of  sour  milk,  and  added  to  the  sugar  solution, 
together  with  1200  grammes  of  zinc-white.  The  mixture  is  kept 
at  40°  to  45°  C.  for  eight  or  ten  days  (longer  treatment  causes  the 
•conversion  of  the  lactic  acid  into  butyric  acid),  when  the  liquid  is 
boiled,  filtered,  and  the  filtrate  concentrated  to  a  relatively  small 
foulk.  On  standing,  a  mixture  of  zinc  lactate  with  mannitol 
•crystallises  out,  which  should  be  separated,  pressed  strongly,  and 
xecrystallised  from  boiling  water.  It  is  then  suspended  in  water, 
and  decomposed  by  sulphuretted  hydrogen,  and  the  filtered  liquid 
•concentrated  on  the  water-bath  to  a  syrup.  On  agitating  this 
with  ether,  the  lactic  acid  is  extracted,  the  mannitol  remaining. 
The  lactic  acid  is  obtained  by  evaporating  the  ether. 

For  the  manufacture  of  lactic  acid  on  a  large  scale,  G.  Jacque- 
min  treats  malt-wort  with  pure  lactic  ferment  prepared  by 
Pasteur's  method,  adds  pure  sterilised  calcium  carbonate,  and 
Callows  the  mixture  to  ferment  at  40°  to  45°  for  five  or  six  days. 
The  liquid  is  then  filtered  and  concentrated,  when  an  inodorous 
calcium  lactate  crystallises  out. 

The  formation  of  lactic  acid  by  the  fermentation  of  glucose  may 
be  represented  by  the  equation  : — C6H1206  =  2C3H603,  but  there 
is  good  reason  to  suppose  the  reaction  to  be  much  less  simple  than 
is  thus  indicated.  Numerous  organisms  are  capable  of  converting 
sugar  into  lactic  acid,  but  that  known  as  the  lactic  ferment 
{Bacillus  acidum  ladici)  has  by  far  the  most  energetic  action.  It 
'Consists  of  short  thick  cells  generally  united  in  pairs,  and  is  most 
active  between  35°  and  45°  C.  Access  of  air  is  necessary,  and 
nitrogenous  food  is  required.  Excess  of  acid  arrests  the  fermenta- 
tion, but  the  action  recommences  if  the  liquid  be  neutralised. 
0'05  per  cent,  of  sulphuric  acid,  or  0'2  per  cent,  of  lactic  acid,  com- 
pletely arrests  the  lactic  fermentation.  The  action  is  not  affected 

1  The  reaction  occurs  in  two  stages,  thus  : — 

a.  CH3.COH  +  HCN=CH3.CH(OH)CN. 

b.  CH3. CH(OH)CN  +  HC1  +  2H20  =  CH3.  Cfl(OH).COOH  +  NH4C1. 

In  practice,  the  aldehyde  or  acetone  is  dissolved  in  ether  and  powdered 
potassium  cyanide  added,  followed  gradually  by  concentrated  hydrochloric 
•acid.  This  reagent  converts  the  cyanide  into  lactic  acid,  the  amido-acid 
i>eing  formed  in  the  cold  as  an  intermediate  product  and  converted  into  the 
ihydroxy-acid  by  boiling  with  more  dilute  acid  (hydrochloric  or  sulphuric). 
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by  2  per  cent,  of  alcohol,  but'  4  per  cent,  diminishes  it,  and  6  per 
cent,  arrests  it  completely. 

Lactic  acid  is  formed  by  the  action  of  alkalies  on  glucose, 
and  the  reaction  may  be  conveniently  used  for  its  preparation. 
Kiliani  (Ber.,  xv.  699)  recommends  the  following  method: — 
500  grammes  of  cane-sugar  are  mixed  with  250  c.c.  of  water  and 
10  c.c.  of  dilute  sulphuric  acid  (3  parts  H2S04  to  4  parts  water), 
and  warmed  in  a  large  flask  to  50°  for  two  hours.  The  solution 
is  thoroughly  cooled,  when  400  c.c.  of  a  solution  of  caustic  soda, 
made  by  dissolving  caustic  soda  in  its  own  weight  of  water,  is 
added  gradually,  the  mixture  being  kept  cool  throughout.  A 
quantity  of  sulphuric  acid  (of  the  strength  specified  above) 
sufficient  to  exactly  neutralise  the  caustic  soda  is  then  added. 
A  crystal  of  sodium  sulphate  is  put  into  the  solution  to  assist 
crystallisation,  and  the  cooled  liquid  set  aside  for  twenty-four 
hours.  The  mass  is  extracted  with  alcohol  of  93  per  cent., 
the  liquid  filtered  with  the  aid  of  a  filter-pump,  and  the  lactic 
acid  converted  into  the  zinc  salt. 

Concentrated  lactic  acid  thus  prepared  is  a  colourless,  odourless, 
syrupy  liquid  of  very  acid  taste.  It  has  a  specific  gravity  of  1*21 1 6 
at  15°  C.,  and  contains  about  75  per  cent,  of  real  lactic  acid, 
C3H603.  Absolute  lactic  acid  cannot  be  obtained,  since  any 
attempt  to  further  concentrate  the  aqueous  acid  causes  the  forma- 
tion of  anhydrides.  This  change  occurs  when  lactic  acid  is 
evaporated  at  the  ordinary  temperature  in  dry  air.  The  following 
table  shows  the  percentage  composition  of  products  thus  obtained 
by  Wislicenus  : — 


Water. 

Lactic  Acid, 
C3H603. 

Lactic 
Anhydride, 
C6H1005. 

Lactide, 
C6H804. 

A.  Freshly  prepared  as 
above  ;  syrup,  .  . 

15-64 

58-80 

25-56 

... 

<B.  After  drying  4 
months  over  sul- 
phuric acidf  .  . 

4-07 

22-43 

73-50 

... 

C.  After  13  months  ; 
thick  syrup  insol- 
uble in  water,  .  . 

97-85 

2-06 

D.  After  16  months  ; 
treacly  syrup,  .  . 

... 

... 

71-41 

28-69 

E.  After  18  months  ; 
thick  gummy  mass, 

... 

... 

60-77 

39-50 

It  follows  that  lactic  acid  is  not  volatile  without  decomposition. 
At  130°  it  begins  to  decompose,  and  at  about  145°  sparingly 
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soluble  lactic  anhydride  is  formed,  which  at  a  higher  tem- 
perature forms  1  a  c  t  i  d  e  and  other  products. 

The  lactic  acid  of  the  British  and  United  States  Pharmacopoeias 
has  a  specific  gravity  of  1*21,  and  is  stated  to  contain  about  75  per 
cent,  of  lactic  acid  and  25  per  cent,  of  water.  The  last  statement  is 
incorrect,  it  having  been  pointed  out  by  W.  L.  Scoville  that  the 
commercial  article  contains  a  notable  amount  of  lactic  anhydride. 
When  the  acid  is  diluted  with  5  to  10  parts  of  water,  and  titrated 
with  caustic  alkali,  phenol-phthalein  being  preferably  used  as  an 
indicator,  the  end-reaction  corresponds  to  the  neutralisation  of  the 
lactic  acid.  On  standing  in  the  cold,  or  more  rapidly  on  boiling, 
the  lactic  anhydride  undergoes  more  or  less  hydrolysis,  and  the 
previously  neutral  liquid  acquires  an  acid  reaction.  By  adding 
caustic  alkali  in  excess,  boiling  for  fifteen  to  twenty  minutes,  and 
titrating  back  with  standard  acid  the  lactic  anhydride  can  be  con- 
veniently determined.  Scoville  finds  the  amount  present  to  be- 
sometimes  as  high  as  1 5  per  cent. 

Lactic  anhydride  and  lactide  are  nearly  insoluble,  but  are  con- 
verted by  prolonged  boiling  with  water,  and  readily  by  solutions 
of  caustic  alkalies,  into  lactic  acid.  The  lactide  obtained  by  heat- 
ing paralactic  acid  (dextro-rotatory)  yields  ordinary  inactive  lactic 
.acid  when  treated  in  this  manner. 

Lactic  acid  is  miscible  in  all  proportions  with  water,  alcohol, 
glycerin,  and  ether.  It  is  but  slightly  soluble  in  chloroform,  and 
is  insoluble  in  carbon  disulphide  and  petroleum  spirit.  Glyceric 
acid,  C3H604,  which  resembles  lactic  acid,  is  insoluble  in  ether. 

Lactic  acid  dissolves  recently  precipitated  phosphate  of  calcium, 
and  is  frequently  used  for  that  purpose. 

Concentrated  sulphuric  acid  mixes  with  pure  lactic  acid  without 
blackening  it.  On  heating,  a  brown  colour  is  developed,  and  much 
carbon  monoxide  evolved,  a  humus-like  body  being  ultimately  left. 

On  distillation  with  a  large  excess  of  quicklime,  lactic  acid  is 
converted  into  carbon  dioxide  and  alcohol.  This  reaction  affords 
a  means  of  obtaining  alcohol  from  glucose  without  the  intervention 
of  a  fermenting  organism. 

Lactic  acid  does  not  reduce  Fehling's  solution,  but  rapidly 
decolorises  potassium  permanganate,  both  in  acid  and  in  alkaline 
solutions  with  production  of  an  odour  of  aldehyde.  Silver  lactate 
is  imperfectly  reduced  on  boiling,  with  production  of  a  blue  liquid 
and  a  brownish  deposit. 

Uffelmann's  test  for  free  lactic  acid  is  described  on  page  419. 

Lactic  acid  may  be  separated  from  organic  acids  forming  insoluble 
lead  salts  by  precipitating  the  solution  (previously  neutralised  if 
necessary)  with  neutral  lead  acetate,  either  with  or  without  an 
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addition  of  alcohol.  Lead  lactate  remains  in  solution,  and  may  be 
decomposed  by  sulphuretted  hydrogen,  when  free  lactic  acid  is 
obtained. 

Many  admixtures  may  be  separated  from  lactic  acid  by  saturating 
the  free  acid  by  barium  carbonate.  When  the  aqueous  solution  is 
evaporated  and  the  residue  treated  with  alcohol,  many  of  the  acids 
whose  barium  salts  are  soluble  in  water  remain  behind,  whereas 
barium  lactate  dissolves  in  alcohol.  Free  lactic  acid  may  be 
obtained  by  cautiously  precipitating  the  solution  of  barium  lactate 
with  dilute  sulphuric  acid,  and  filtering. 

When  purified  from  all  substances  except  those  soluble  in 
alcohol,  the  aqueous  liquid  containing  free  lactic  acid  may  be 
saturated  with  oxide  of  zinc,  evaporated  to  dryness,  and  the 
residue  digested  with  alcohol.  Lactate  of  zinc,  insoluble  in  alcohol, 
remains,  while  the  other  matters  dissolve.  After  drying  at  120° 
C.,  the  residue  may  be  weighed,  when  its  weight,  multiplied  by 
0*7402,  gives  that  of  the  lactic  acid.  Zinc  paralactate  dissolves 
readily  in  alcohol,  so  the  above  process  is  useless  for  the  deter- 
mination of  paralactic  acid.  With  inactive  lactic  acid  it  yields  fairly 
approximate  results,  with  careful  manipulation  and  under  favour- 
able circumstances. 

According  to  K.  Palm  (Zeit.  anal.  Chem. ,  xxvi.  33;  abst. 
Jour.  Chem.  Soc.,  1887,  p.  307),  when  treated  with  lead  acetate 
and  alcoholic  ammonia,  lactic  acid  is  completely  thrown  down  as  a 
heavy  granular  precipitate  of  the  formula  3PbO,2C3H603.  To 
examine  an  animal  or  vegetable  organ  for  free  lactic  acid,  Palm 
extracts  it  with  ether  (previously  acidulating  with  sulphuric  acid 
if  a  lactate  is  under  treatment),  evaporates  the  ethereal  solution  to 
a  syrup,  and  treats  the  residue  with  water.  The  filtered  aqueous 
solution  is  mixed  with  lead  acetate,  and  any  precipitate  produced 
is  filtered  off.  On  adding  more  lead  acetate  to  the  filtrate,  followed 
by  alcoholic  ammonia,  the  lactic  acid  is  said  to  be  thrown  down 
free  from  foreign  substances.  The  precipitate  may  be  washed  with 
alcohol,  in  which  it  is  quite  insoluble,  and  the  contained  lactic  acid 
estimated  from  the  loss  on  ignition.  Minute  traces  of  lactic  acid 
may  be  thrown  down  with  greater  certainty  by  shaking  the  filtrate 
from  the  first  lead  precipitate  with  an  excess  of  freshly  precipitated 
lead  hydroxide.  In  either  case  the  precipitate  is  stated  to  yield 
pure  lactic  acid  when  decomposed  by  sulphuretted  hydrogen  and 
extracted  with  ether. 

W.  Windisch1  (Chem.  Centralb.,  1887,  page  826)  proposes 

1  Windisch's  method  appears  to  be  very  unsuitable  for  the  detection  of 
small  quantities  of  lactic  acid,  since  an  excess  of  chromic  acid  will  infallibly 
•oxidise  the  formic  acid  and  aldehyde  to  carbonic  and  acetic  acids. 
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to  detect  small  quantities  of  lactic  acid  by  treating  the  substance 
with  chromic  acid,  whereby  formic  acid  and  aldehyde  are  produced. 
The  solution  to  be  tested  is  diluted  to  about  100  c.c.,  5  c.c.  of 
concentrated  sulphuric  acid  and  a  little  potassium  bichromate 
added,  and  the  liquid  distilled.  The  vapours  are  received  in  warm 
Nessler's  solution,  with  which,  in  presence  of  aldehyde,  lead  salts 
give  a  yellowish-red  precipitate,  or  with  smaller  quantities  a  yel- 
lowish opalescence.  Formic,  acetic,  propionic,  butyric,  valeric, 
succinic,  malic,  citric,  and  tartaric  acids  are  said  not  to  give  the 
reaction,  but  alcohol,  ammonia,  and  sugar  must  be  absent.  To 
examine  roots  for  lactic  acid,  they  are  first  exhausted  with  ether, 
which  is  said  to  extract  all  substances  of  an  acid  nature. 

A  method  of  determining  lactic  acid  described  by  Chapman 
and  Smith  (Jour.  Chem.  Soc.,  xx.  173)  is  based  on  the  fact  that, 
when  heated  with  sulphuric  acid  and  bichromate  of  potassium,  it 
is  decomposed  thus  :— 2C3H603  +  02  =  2C2H40  +  2H20  +  2C02. 
Hence,  one-third  of  the  carbon  of  the  lactic  acid  is  evolved  as 
carbon  dioxide  gas.  Of  course,  the  process  is  only  applicable  in 
the  absence  of  interfering  substances,  which  are  somewhat  numerous. 
Alcohol  (if  not  present  in  large  amount),  acetic  acid,  and  sulphurous 
acid  have  no  disturbing  influence.  The  process  is  conducted  by  the 
authors  as  follows  : — A  flask,  having  a  side-tubulure,  is  connected 
by  the  latter  with  a  small  bulb-apparatus  filled  with  concentrated 
sulphuric  acid  and  immersed  in  cold  water.  The  bulb-apparatus 
is  connected  with  bulbs  containing  potash-solution  (specific  gravity 
1'27),  and  beyond  is  a  small  tube  containing  fragments  of  caustic 
potash.  The  neck  of  the  flask  is  closed  by  a  perforated  cork, 
through  which  is  passed  the  stem  of  a  tapped  funnel.  A  weighed 
quantity  of  the  lactate  or  solution  of  lactic  acid  is  placed  in  the 
flask,  and  150  c.c.  of  a  solution  containing  100  grammes  of 
bichromate  of  potassium  and  125  of  concentrated  sulphuric  acid 
to  the  litre,  are  introduced  through  the  tap.  The  contents  of  the 
flask  are  then  heated  by  hot  water  (not  by  a  flame).  Carbon 
dioxide  gas  is  evolved,  which  bubbles  through  the  sulphuric  acid 
(being  thus  freed  from  aldehyde  vapour),  and  is  absorbed  by  the 
potash  solution.  When  no  more  bubbles  pass,  air  is  drawn  through 
the  apparatus,  and  the  potash  apparatus  is  removed  and  weighed. 
Its  increase  in  weight,  corresponding  to  the  C02  produced,  multi- 
plied by  2'045,  gives  the  amount  of  lactic  acid  present. 

COMMERCIAL  LACTIC  ACID. — The  strength  of  lactic  acid,  in  the 
absence  of  other  acids,  may  be  ascertained  by  titration  with  caustic 
alkali,  with  phenol-phthalein  as  the  indicator.  The  acid  should  be 
diluted  with  water,  and  the  titration  conducted  in  the  cold  and  as 
rapidly  as  possible,  the  end-reaction  being  the  point  when  a  pink 
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Coloration  is  produced  which,  remains  after  stirring.  1  c.c.  of 
normal  soda  neutralises  0'090  gramme  of  lactic  acid.  As  stated 
on  page  411,  commercial  lactic  acid  contains  more  or  less  lactic 
anhydride,  which  does  not  immediately  neutralise  alkali  when 
added  to  the  cold  solution  of  the  acid,  but  reacts  when  the  sample 
is  boiled  for  some  time  with  excess  of  caustic  alkali.  This 
behaviour  affords  a  means  of  determining  the  proportion  of  lactic 
anhydride  in  a  sample  of  lactic  acid.  The  acid  is  first  treated 
with  dilute  caustic  soda  until  exactly  neutral  to  phenol-phthalein, 
and  then  boiled  for  twenty  minutes  in  a  flask  furnished  with  a 
long  tube  with  a  known  volume  of  standard  caustic  soda.  The 
liquid  is  then  titrated  back  with  standard  acid,  when  the 
deficiency  of  alkali  represents  that  which  has  reacted  with  the 
lactic  anhydride.  One  c.c.  of  normal  caustic  alkali  corresponds  to 
C'081  gramme  of  C6H1005. 

Besides  water  and  lactic  anhydride,  commercial  lactic  acid  is 
liable  to  contain  the  following  impurities : — 

Inorganic  matters,  left  on  igniting  the  substance.  Sulphuric 
acid  and  sulphates  will  be  indicated  on  adding  barium  chloride  to 
the  aqueous  solution  of  the  original  substance ;  chlorides  by  silver 
nitrate ;  salts  of  calcium  by  ammonium  oxalate ;  zinc,  lead,  and 
iron  by  diluting  the  liquid,  nearly  neutralising  with  ammonia,  and 
passing  sulphuretted  hydrogen. 

Foreign  organic  acids. — Of  these,  the  presence  of  oxalic  or 
tartaric  acid  will  be  indicated  by  the  formation  of  a  precipitate  on 
adding  lime-water  to  alkaline  reaction,  and  citric  acid  by  preci- 
pitation occurring  on  boiling  the  liquid  so  obtained.  Acetic  and 
butyric  acids  may  be  recognised  by  their  respective  odours  on 
gently  heating  the  liquid ;  or  more  certainly  by  the  production  of 
the  fragrant  odours  of  their  respective  ethyl  ethers  on  heating  the 
sample  with  alcohol  and  strong  sulphuric  acid.  Ethyl  lactate  boils 
at  a  high  temperature  and  has  very  little  odour. 

Sarcolactic  acid  may  be  detected  by  the  formation  of  a  blue 
precipitate  on  adding  cupric  sulphate  to  the  aqueous  solution  of 
the  substance. 

Neutral  organic  matters  may,  in  general,  be  detected  by  the 
production  of  a  brown  colour  on  mixing  the  sample  with  an  equal 
measure  of  cold  concentrated  sulphuric  acid.  The  United  States 
Pharmacopoeia  (1890)  requires  that  the  tint  produced  by  such 
treatment  shall  not  be  deeper  than  a  pale  straw  colour.  Glycerin 
niay  be  detected  by  treating  the  sample  with  a  slight  excess  of 
zinc  oxide  and  a  little  water,  evaporating  to  dryness  at  100°,  and 
treating  the  residue  with  ether-alcohol.  On  evaporation  of  the 
solution,  glycerin  will  be  left  as  a  sweet  syrupy  liquid.  On  treat- 
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ing  the  residue  left  undissolved  by  ether-alcohol  with  alcohol  alone, 
•cane-sugar  and  glucose  will  be  dissolved.  Glucose  and  other  impuri- 
ties will  also  be  recognised  by  the  formation  of  a  red  or  yellow 
precipitate  on  heating  the  neutralised  acid  with  Fehling's  solution. 

Lactic  acid  should  not  be  materially  coloured  when  heated  with 
&  strong  solution  of  caustic  alkali,  and  should  be  wholly  soluble  in 
•ether. 

Lactic  acid  has  recently  been  prepared  on  a  large  scale  and 
employed  in  textile  colouring  as  a  substitute  for  tartaric  and  citric 
acids,  over  which  it  presents  certain  advantages.  It  is  said  to  be 
a  good  substitute  for  sulphuric  or  acetic  acid  in  mordanting  wool 
with  bichromate ;  and  is  stated  to  fix  chrome  better  than  any  other 
acid  hitherto  used.  As  met  with  in  commerce,  the  lactic  acid 
intended  for  these  purposes  has  a  strength  of  about  43  per  cent., 
is  nearly  colourless,  and  contains  calcium  sulphate  and  a  faint 
trace  of  iron. 

METALLIC  LACTATES  are  all  more  or  less  soluble  in  water, 
but  usually  dissolve  only  sparingly  in  the  cold.  They  are  all 
insoluble  in  ether.  The  paralactates  are  usually  more  soluble  than 
the  salts  of  ordinary  lactic  acid,  and  are  laevo-rotary. 

Calcium  Lactate,  Ca(C3H503)2,  is  obtained  in  crystals  contain- 
ing 5  aq.  when  lactic  acid  is  neutralised  with  lime  or  chalk,  and 
the  liquid  concentrated.  It  crystallises  in  small  white  mammil- 
lated  tufts,  which  under  the  microscope  appear  as  delicate  rhombic 
needles,  some  of  which  look  like  bundles  bound  in  the  centre. 
From  acid  solutions,  a  so-called  acid  lactate  of  calcium  (a  compound 
of  calcium  lactate  with  lactic  acid)  crystallises  in  radiating  trimetric 
needles  or  fibrous  masses.  One  part  of  calcium  lactate  dissolves 
in  9^  parts  of  cold  water,  and  in  all  proportions  in  boiling  water 
or  alcohol  (compare  calcium  sarcolactate,  page  421).  When 
calcium  lactate  is  heated,  it  readily  parts  with  its  water  of 
crystallisation,  and  at  250°  to  260°  is  converted  into  a  tumefied 
mass,  containing  calcium  dilactate,  Ca(C09)2.0(CH3.CH)2, 
from  which  absolute  alcohol  dissolves  out  any  unaltered  lactate, 
leaving  the  dilactate  as  a  sparingly  soluble  residue.  The  corre- 
sponding dilactic  acid  is  unknown. 

Ferrous  Lactate,  Fe(C3H503)2,  crystallising  in  light  yellow 
needles  with  3  aq.,  soluble  in  48  parts  of  cold  or  12  parts  of 
boiling  water.  The  dry  salt  is  permanent,  but  the  solution  rapidly 
oxidises.  Ferrous  lactate  is  not  unfrequently  adulterated,  the  sub- 
stances used  for  the  purpose  being  dried  ferrous  sulphate,  milk- 
sugar,  and  starch.  A  sample  of  "lactate  of  iron,"  examined  by  M. 
Peltier,  contained  25  per  cent,  of  ferrous  sulphate  and  75  per 
cent,  of  milk-sugar.  Fen-ous  sulphate  can  be  readily  detected  by  the 
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copious  precipitate  produced  on  treating  the  solution  of  the  sample 
with  barium  chloride.  Milk-sugar  may  be  detected  by  rendering 
the  solution  alkaline  by  soda,  passing  sulphuretted  hydrogen  to 
precipitate  the  iron,  filtering,  adding  Fehling's  solution  to  the 
filtrate,  filtering  rapidly  in  the  cold  from  the  copper  sulphide, 
and  heating  the  filtrate,  when  a  yellow  or  red  precipitate  of  cuprous 
oxide  will  be  formed  if  milk-sugar  be  present.  Starch  may  be 
detected  in  the  portion  of  the  sample  insoluble  in  cold  water,  by 
the  blue  colour  produced  on  addition  of  solution  of  iodine. 

Lead  Lactate,  Pb(C3H503)2,  is  freely  soluble  in  water,  sparingly 
soluble  in  cold,  but  readily  in  hot  alcohol,  and  slightly  soluble  in 
ether.  (Glycerate  of  lead  is  but  slightly  soluble  in  cold  water.) 
By  adding  lead  acetate  and  alcoholic  ammonia,  lactic  acid  is  com- 
pletely precipitated  as  a  compound  containing  3PbO,2C3H6Os 
(compare  page  412). 

Zinc  Lactate,  Zn(C8H503)2,  crystallises  from  concentrated  solu- 
tions in  shining  crusts,  or  from  dilute  solutions  in  four-sided  pris- 
matic needles,  soluble  in  58  parts  of  cold  or  6  of  boiling  water,  and 
insoluble  in  alcohol  (compare  zinc  sarcolactate,  page  421).  The 
crystals  contain  3  aqua,  which  is  lost  rapidly  at  100°  C.,  and 
above  210°  0.  the  salt  decomposes. 

LACTIC  ACID  IN  DIGESTION. 

The  statements  published  as  to  the  presence  of  lactic  acid  in 
the  gastric  juice  are  very  conflicting,  some  observers  contending 
that  it  is  a  normal  and  constant  constituent  of  that  secretion  ; 
others  wholly  denying  its  presence  in  a  state  of  health  ;  and  a 
third  section  maintaining  that  it  is  present  only  during  a  certain 
period  of  the  process  of  digestion,  being  then  derived  from 
the  food  and  not  from  the  secretion  itself.  The  chemistry  of 
digestion  has  been  recently  investigated  by  Ewald  and  Boas, 
whose  results  seem  to  show  that  in  the  digestion  of  lean  meat  by 
the  human  stomach  three  distinct  stages  can  be  recognised. 
During  the  first  stage,  which  may  continue  for  fifty  minutes  after 
ingestion,  lactic  acid  is  the  only  free  acid  present.  Ewald  and 
Boas  believe  that  this  lactic  acid  is  simply  that  which  pre-existed 
in  the  meat,  and  is  not  secreted  by  the  stomach,  since  when  egg- 
albumen  was  substituted  for  meat  they  could  not  find  lactic  acid 
by  any  test,  though  hydrochloric  acid  was  readily  detected. 
During  the  second  stage  of  digestion  (that  is,  from  sixty  to  ninety 
minutes  after  ingestion),  lactic  and  hydrochloric  acids  occur 
together ;  while  in  the  third  and  most  active  stage,  which  is  at 
its  height  in  about  two  hours,  hydrochloric  acid  is  alone  met  with, 
the  lactic  acid  having  been  absorbed  or  destroyed  in  some  way  not 
understood. 
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The  same  succession  of  changes  occurs  during  the  digestion  of 
mixed  food,  but  in  this  case  inactive  lactic  acid  is  also  formed  by 
the  fermentation  of  the  carbohydrates.  The  better  the  working 
condition  of  the  stomach,  the  sooner  does  the  lactic  acid  disappear 
and  hydrochloric  acid  take  its  place ;  whereas  in  the  commoner 
forms  of  acid  dyspepsia1  lactic  acid  is  present  in  undue  amount, 
and  its  disappearance  and  its  replacement  by  hydrochloric  acid 
are  delayed.  In  such  cases  butyric  and  acetic  acids  occur  with 
the  lactic  acid,  and  the  hydrochloric  acid  is  relatively  small  in 
quantity.  Cane-sugar  is  readily  converted  into  glucose  in  the 
stomach,  and  the  glucose,  by  the  action  of  the  fermentation- 
organisms  always  present,  is  subsequently  transformed  into  lactic 
acid.  In  course  of  time,  a  further  transformation  may  supervene, 
the  lactic  acid  splitting  up  into  butyric  acid,  carbonic  acid,  water, 
and  hydrogen.  The  stomach  under  these  circumstances  contains 
torulae,  sarcinx,  and  many  other  vegetable  organisms  in  abund- 
ance. The  gas-forming  organism  appears  to  be  a  bacillus,  which 
has  been  isolated  and  cultivated  in  Pasteur's  fluid  by  M'Naught. 

In  some  cases  it  is  of  interest  to  ascertain  the  proportions,  rela- 
tive and  absolute,  of  the  different  acids  present  in  the  stomach, 
which  is  best  effected  as  follows  :• — A  sample  is  obtained  by  the 
aid  of  the  stomach-pump,  and  50  c.c.  of  the  filtered  liquid  distilled 
until  a  volume  of  about  35  c.c.  has  passed  over.  The  residue  is 
diluted  to  50  c.c.  with  water  and  again  distilled  to  about  10  to 
12  c.c.  In  the  distillate,  the  volatile  acids  (butyric,  acetic,  &c.) 
are  determined  by  titration  with  caustic  alkali,  phenol-phthalein 
being  used  as  the  indicator.  The  residue  in  the  retort  is  shaken 
five  or  six  times  with  large  quantities  of  ether  (500  c.c.),  which 
extracts  the  lactic  acid,  while  the  aqueous  liquid  contains  the 
hydrochloric  acid.  The  lactic  acid  is  best  recovered  by  distilling 
the  ether  to  a  small  bulk  in  presence  of  a  slight  excess  of  caustic 
soda,  separating  the  remaining  ether,  and  further  evaporating  the 
aqueous  solution  of  sodium  lactate.  On  then  acidulating  with 
sulphuric  acid,  the  lactic  acid  is  set  free,  and  can  be  extracted  by 
repeated  agitation  with  ether.  It  can  be  recovered  by  evaporat- 
ing the  ether,  or  alcohol  and  phenol-phthalein  may  be  added  and 
the  liquid  titrated  with  standard  caustic  soda. 

The  hydrochloric  acid  contained  in  the  aqueous  liquid  separated 
from  the  first  series  of  treatments  with  ether  can  be  determined 
by  titration  with  caustic  alkali  and  litmus,  but  an  excessive  result 
will  be  obtained  if  acid  phosphates  are  also  present,  as  is  some- 
times the  case.  An  equally  rapid  and  accurate  determination  of 

1  Acid  dyspepsia  is  occasionally  due  to  an  excessive  production  of  hydro- 
chloric acid. 
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the  hydrochloric  acid  can  be  made  by  employing  methyl-orange  as 
an  indicator.  Since  this  reagent  is  neutral  to  acid  phosphates  of 
the  formula  MH2P04,  these  salts  do  not  interfere.  One  c.c.  of 
decinormal  caustic  soda  represents  0*00365  gramme  of  HC1.  The 
phosphates  may  be  subsequently  determined  in  the  same  liquid 
which  has  been  made  neutral  to  methyl-orange,  by  adding  a  few 
drops  of  phenol-phthalein  solution  and  continuing  the  addition  of 
standard  caustic  alkali  until  a  pink  coloration  is  produced.  The 
reaction  being  KaH2P04  +  KaHO  =  Na2HP04  +  H20,  each  c.c.  of 
decinormal  alkali  employed  represents  0*0081  gramme  of  P205. 

"When  it  is  merely  desired  to  determine  the  lactic  acid  without 
actually  isolating  it  in  an  approximately  pure  state,  the  liquid 
(preferably  freed  from  volatile  acids  by  distillation)  may  be 
titrated  with  decinormal  caustic  soda  until  exactly  neutral  to 
litmus,  then  evaporated  to  dryness,  and  the  residue  heated  to  dull 
redness,  without  attempting  to  burn  off  the  whole  of  the  carbon. 
The  charred  mass  is  boiled  with  water,  and  the  filtered  solution 
titrated  with  decinormal  acid  and  litmus  (or  methyl-orange).  The 
amount  of  acid  required  corresponds  to  the  sodium  carbonate  pro- 
duced by  the  ignition  of  the  lactate.  Hence  1  c.c.  of  decinormal 
acid  used  represents  0*090  gramme  of  lactic  acid  in  the  liquid 
employed.  The  determinations  of  lactic  acid  made  in  this  manner 
are  somewhat  above  the  truth,  especially  if  acid  phosphates  were 
present  in  notable  amount,1  but  they  are  sufficiently  accurate  for 
many  purposes.  The  measure  of  decinormal  acid  required  for  the 
neutralisation  of  the  ash,  deducted  from  the  volume  of  decinormal 
alkali  required  to  neutralise  the  original  liquid,  corresponds  to  the 
hydrochloric  acid  present,  which  may  thus  be  indirectly  deter- 
mined with  approximate  accuracy. 

W.  von  Moracewski  (abst.  Analyst,  1896,  p.  74)  deter- 
mines free  hydrochloric  acid  in  gastric  juice  by  evaporating  a 
known  measure  of  the  sample  to  1  c.c.  on  the  water-bath,  rinsing 
it  into  a  100  c.c.  flask  with  25  c.c.  of  absolute  alcohol,  and  filling 
the  flask  to  the  mark  with  dry  ether.  All  the  chlorides  are  pre- 
cipitated, and  the  free  hydrochloric  acid  in  solution  can  be  deter- 
mined by  neutralising  the  liquid,  distilling  to  a  small  bulk,  and 

1  According  to  L  e  o,  the  error  from  this  source  may  be  avoided  by  shaking 
the  liquid  to  be  tested  with  pure  calcium  carbonate  till  neutral  to  litmus, 
instead  of  titrating  it  with  caustic  soda.  Acid  phosphates  do  not  react  with 
calcium  carbonate  at  the  ordinary  temperature,  whereas  hydrochloric  acid 
and  lactic  acid  are  readily  neutralised.  The  ash  contains  calcium  carbonate 
in  amount  corresponding  to  the  lactic  acid  previously  present,  and  must  be 
extracted  with  a  known  measure  of  standard  acid,  the  excess  of  which  is 
afterwards  determined. 
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titrating  with  standard  silver  nitrate,  using  neutral  potassium 
chromate  as  an  indicator. 

Where  it  is  only  required  to  detect  the  presence  of  hydro- 
chloric acid  in  gastric  juice,  this  may  be  conveniently  effected  by 
the  azo-dye  known  as  tropseolin  00  (diphenylamine-yellow, 
Part  i.  page  189).  A  solution  of  the  colouring  matter  is  made  in 
methylated  spirit  of  60°  O.P.,  and  drops  of  the  liquid  placed  on  a 
porcelain  slab  and  dried  at  40°  C.  A  drop  of  the  gastric  juice  or 
other  fluid  to  be  tested  is  then  placed  on  each  spot  of  dye,  still  at 
40°  C.,  when  a  violet  coloration  will  be  observed  after  the  liquid 
has  evaporated,  if  hydrochloric  acid  be  present.  One  drop  of  a 
solution  containing  O'OOG  per  cent,  of  HC1  is  said  to  give  a 
distinct  reaction. 

Wiesner  and  Singer  recommend  that  a  few  drops  of  the 
filtered  gastric  juice  should  be  evaporated  with  an  equal  measure 
of  a  reagent  prepared  by  dissolving  1  part  of  vanillin  and  2  of 
phloroglucol  in  30  of  rectified  spirit.  Red  crystals  (or  in  presence 
of  peptone  a  red  paste)  will  be  formed  if  the  juice  contain  1  part 
in  10,000  of  hydrochloric  acid. 

For  the  detection  of  free  lactic  acid  in  gastric  juice,  U  f  f  e  1- 
mann  (Zeit.  Ttlin.  Med.}  vii.  392)  prepares  a  reagent  by  mixing 
10  c.c.  of  a  4  per  cent,  solution  of  carbolic  acid  with  20  c.c.  of 
water,  and  adding  1  drop  of  solution  of  ferric  chloride  B.P.  This 
forms  a  clear  liquid  of  an  amethyst  colour,  which  is  turned  yellow 
by  a  solution  of  lactic  acid  containing  only  1  part  in  10,000. 
Hydrochloric  acid  in  small  quantities  has  but  little  effect,  and 
when  present  in  large  amount  simply  decolorises  the  reagent. 
The  test  is  preferably  applied  to  the  ethereal  extract  obtained  as 
described  on  page  417,  as  in  that  case  the  traces  of  thiocyanates 
normally  present  in  the  stomach  do  not  interfere. 

Active  Lactic  Acids, 

By  adopting  the  principle  previously  applied  by  Pasteur  to  the 
preparation  of  dextro-rotatory  and  laevo-rotatory  tartaric  acids  from 
inactive  racemic  acid,  T.  Pur  die  (Jour.  Chem.  Soc.,  Ixi.  754)  found 
that  ordinary  inactive  lactic  acid  could  be  decomposed  into  two 
oppositely  active  lactic  acids  by  fractional  crystallisation  of  the 
strychnine  salt,  that  of  the  laevo-rotatory  acid  being  the  less 
soluble.  The  two  free  acids  exhibit  equal  and  opposite  optical 
activities  to  those  of  their  salts.  The  zinc  salts  of  each  of  the 
optically  active  acids  crystallise  with  2H20.  On  mixing  aqueous 
solutions  of  equal  quantities  of  the  two  zinc  salts,  and  stirring  the 
liquid,  inactive  zinc  lactate  containing  3H20  separated.1  The  two 

1  The  existence  of  the  physical  isomerides  of  ordinary  lactic  acid  affords 
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optically  active  modifications  of  lactic  acid  present  a  very  close 
resemblance  to  ordinary  lactic  acid  and  to  each  other.  The  anhy- 
dride and  salts  of  dextro-lactic  acid  are  Isevo-rotatory,  while  the 
anhydride  and  salts  of  Isevo-lactic  acid  are  dextro-rotatory.  On 
heating,  both  active  modifications  yield  the  same  lactide,  and  when 
this  takes  up  the  elements  of  water,  it  yields  ordinary  inactive 
lactic  acid.  Laevo-lactic  acid  is  stated  by  Lewkowitch  (Ber., 
1883,  p.  2720)  to  be  produced  by  growing  the  mould  Penicillium 
glaucum  in  a  solution  of  ammonium  lactate.  A  repetition  of  this 
experiment  by  Linossier  (Ber.,  xxiv.  660)  gave  an  opposite 
result,  the  residual  lactic  acid  yielding  Isevo-rotatory  salts.  F. 
Schardinger  (Vienna  Academy  of  Sciences)  has  obtained  laevo- 
lactic  acid  by  the  fermentation  of  cane-sugar  by  a  schizomycetes 
closely  resembling  the  ordinary  lactic  acid  bacillus  in  appearance, 
but  of  considerably  greater  fermentative  power. 

DEXTRO-LACTIC  ACID.     SARCOLACTIC  ACID.     PARALACTIC  ACID. 

This  acid  is  obtainable  in  the  manner  above  described  from 
inactive  lactic  acid.  It  occurs  naturally  in  the  juices  of  muscular 
tissue,  in  bile,  and  in  the  urine  of  persons  poisoned  by  phos- 
phorus.1 It  is  also  said  to  have  been  obtained  in  numerous  im- 
pure fermentations  (e.g.,  of  dextrin,  glucose,  cane-sugar,  milk- 
strong  support  to  the  interesting  theory  of  stereo-isomerism.  It  has  been 
suggested  with  great  plausibility  by  Le  Bel  and  van't  Hoff  that  the 
dextro-  and  laevo-rotatory  acids  are  related  to  each  other  in  the  same  manner 
that  an  object  is  related  to  its  reflection  in  a  mirror.  Such  isomerism  requires 
that  there  shall  be  four  dissimilar  residues  or  radicals  united  to  the  carbon- 
nucleus  of  the  molecule.  This  condition  exists  in  lactic  acid,  in  which  the 
nucleal  carbon-atom  has  its  four  bonds  satisfied  respectively  with  H,  CH3,  OH, 
and  C02H  (see  formula  on  page  408);  and  a  similar  asymmetric  carbon-atom 
exists  in  the  molecules  of  active  amy lie  alcohol,  active  valeric  acid,  malic  acid, 
asparagine,  and  aspartic  acid.  Each  of  these  bodies  can  exist  as  a  dextro- 
and  as  a  Zeew-rotatory  modification,  and  the  two  modifications  of  opposite 
rotation  can  combine  together  in  equal  quantities  to  form  an  inactive  form 
capable  of  resolution  into  two  active  varieties.  It  follows  that  compounds 
containing  one  asymmetric  carbon-atom  can  form  three  physical  isomerides, 
two  active  and  one  inactive,  while  in  compounds  the  molecules  of  which 
contain  more  than  one  asymmetric  carbon-atom  the  number  of  possible 
isomerides  is  correspondingly  greater.  It  is  probable  that  all  optically  active 
compounds  contain  one  or  more  asymmetric  carbon-atoms. 

1  From  recent  researches,  T.  Irisa.v?a.  (Zeit.  Physiol.  Chem.,  xvii.  340) 
concludes  that  lactic  acid  is  always  present  in  blood  removed  from  the  dead 
body,  and  in  three  cases  out  of  seven  it  was  present  in  urine  passed  by  men 
shortly  before  death.  Lactic  acid  was  always  found  in  blood  freshly  drawn 
from  the  veins  of  a  dog,  and  its  presence  was  also  noted  in  pus  and  in  blood- 
corpuscles.  In  artificially  induced  anaemia,  the  amount  of  lactic  acid  in  the 
blood  rose  in  proportion  to  the  lessening  of  oxidation-processes. 
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sugar,  &c.),  while  more  recently  Nencki  and  Sieber  (Ber.y  xxii. 
695)  have  found  it  in  a  pure  fermentation  of  dextrose.  Frank- 
land  and  Macgregor  have  also  obtained  sarcolactic  acid  by  the 
interrupted  bacterial  fermentation  of  ordinary  inactive  calcium 
lactate  (Jour.  Chem.  Soc.,  Ixiii.  1028). 

Sarcolactic  acid  presents  the  closest  resemblance  to  ordinary 
lactic  acid.  The  most  tangible  distinctions  are  : — (1)  The  dextro- 
rotation  of  free  sarcolactic  acid,  and  the  laevo-rotation  of  its  anhy- 
dride and  salts;  ordinary  lactic  acid,  both  in  the  free  state  and 
in  the  form  of  salts,  being  optically  inactive.  (2)  The  solubility 
and  amount  of  water  of  crystallisation  in  the  calcium  and  zinc 
salts.  (3)  Ordinary  lactic  acid  yields  a  deep  blue  liquid  on  addi- 
tion of  cupric  sulphate,  while  sarcolactic  acid  is  almost  completely 
precipitated  by  that  reagent. 

Sarcolactic  acid  is  conveniently  prepared  by  dissolving  extract 
of  meat  in  4  parts  of  water,  and  adding  to  the  solution  three 
times  its  volume  of  methylated  spirit.  The  filtered  liquid  is 
evaporated  to  a  syrup,  which  is  again  treated  with  alcohol,  filtered, 
evaporated,  acidulated  with  sulphuric  acid,  and  extracted  with 
ether.  The  acid  thus  obtained  on  evaporation  of  the  ether  may  be 
purified  by  conversion  into  the  zinc  salt. 

On  heating,  sarcolactic  acid  yields  a  Isevo-rotatory  anhydride,  the 
solution  of  which  is  laevo-rotatory ;  but  this  active  anhydride  and 
the  lactide  formed  on  further  heating  are  hydrolysed  by  water  to  a 
solution  of  ordinary  inactive  lactic  acid. 

Calcium  sarcolactate,  Ca(C3H503)2-f-  4H20,  is  soluble  in  about  12 
parts  of  cold  water.  The  solution  is  lasvo-rotatory,  the  value  of 
[a]D  for  a  solution  containing  5*35  per  cent,  of  the  anhydrous  salt 
being  stated  by  Wislicenus  at  —5 '48°. 

Zinc  sarcolactate,  Zn(C3H503)2-f  2H20,  crystallises  in  slender 
needles  which  lose  their  water  slowly  at  100°,  and  give  off 
empyreumatic  vapours  below  150°.  The  salt  is  soluble  in  16  parts 
of  cold  water,  but  only  sparingly  soluble  in  cold  alcohol  (distinc- 
tion from  ethylene-lactic  acid).  The  aqueous  solution  of  zinc 
sarcolactate  is  Isevo-rotatory,  the  following  being  the  values  for 
[a]D  found  by  Wislicenus  for  solutions  of  various  strengths  : — 

Grammes  of  anhydrous 
salt  per  100  c.c.,  .     .      4'58        4'75        5 '36        6'51        9'60      13'98 

Specific  rotation  [a]D,  .      873°      8'43°      8'49°      7 '83°      7'29°      7'30° 

Ethylene    Lactic     Acid.      Hydracrylic    Acid. 

/5-Hydroxypropionic  Acid. 

C3H603 ;  i.e.,  OH.CH2.CH2.COOH 
This  compound  is  distinguished  from  the  other  modifications  of 
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lactic  acid  by  the  fact  that  it  yields  no  trace  of  lactide  when 
heated,  being  resolved,  almost  without  residue,  into  water  and 
acrylic  acid,  C3H5.COOH.  The  same  decomposition  occurs  on 
heating  it  with  sulphuric  acid  diluted  with  an  equal  weight  of 
water.  On  the  other  hand,  when  acrylic  acid  is  heated  to  100° 
with  excess  of  caustic  soda,  hydracrylic  acid  is  reproduced.  Hydra- 
crylic  acid  has  only  been  obtained  by  synthetical  means,1  its  for- 
mation from  /3-iodopropionic  acid  by  boiling  with  water  or  heating 
with  moist  silver  oxide  being  the  most  available  reaction. 

On  oxidation  with  nitric  acid,  hydracrylic  acid  yields  carbon 
dioxide  and  oxalic  acid.  With  chromic  acid  mixture,  the  former 
is  the  sole  product  of  the  reaction. 

The  sodium  and  calcium  salts  of  hydracrylic  acid  melt  without 
change  at  about  140°  to  145°,  but  at  a  higher  temperature  they 
lose  water  and  are  converted  into  acrylates.  Zinc  hydracrylate 
crystallises  in  large  shining  prisms,  containing  4  aqua,  soluble  in 
an  equal  weight  of  cold  water.  The  salt  is  also  soluble  in  alcohol, 
which  precipitates  zinc  lactate  and  sarcolactate  from  their  aqueous 
solutions. 

1  Wislicenus  obtained  from  flesh,  together  with  sarcolactic  acid,  an 
acid  which  he  supposed  to  be  ethylene-lactic  acid,  but  it  has  been  shown  by 
S  i  e  g  f  r  i  e  d  (J3er.}  xxii.  2713)  that  this  was  really  acetyl-lactic  acid. 
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THE  members  of  the  cyanogen  group  are  among  the  most  remark- 
able and  best  known  compounds  in  the  domain  of  organic 
chemistry,  which  has  been  aptly  termed  "  The  Chemistry  of 
Compound  Radicals." 

Cyanogen  itself  is  not  only  obtainable  in  a  free  state,  but  enters 
into  direct  combination  with  the  metals  and  unites  with  hydrogen 
to  form  a  compound  of  acid  properties.  Cyanogen  unites  with 
the  halogens,  and  also  forms  an  oxy-acid  and  thio-acid,  each  of 
which  yields  a  well-defined  series  of  salts.  Cyanogen  presents 
greater  analogies  to  iodine  than  to  any  other  element,1  but  has 
special  chemical  peculiarities  which  are  without  parallel  in  the 
case  of  any  other  radical,  either  simple  or  compound. 

The  metallic  cyanides  are  an  interesting  and  important  class  of 
salts,  and  some  of  them  receive  an  extensive  industrial  applica- 
tion. The  cyanides  of  many  of  the  heavy  metals  combine  with 
the  cyanides  of  the  light  metals  to  form  compounds  which 
in  many  instances  are  of  an  exceedingly  stable  character. 
Hence  the  properties  of  these  double  cyanides  are  often  much 
modified,  and  many  of  them  do  not  respond  to  the  tests  for 
simple  cyanides  or  for  hydrocyanic  acid  (see  page  456). 

All  bodies  containing  cyanogen,  in  whatever  form  of  combina- 
tion it  may  be,  yield  the  whole  of  their  nitrogen  in  the  form  of 
ammonia  when  they  are  strongly  ignited  with  excess  of  soda- 
lime.  The  whole  of  the  nitrogen  is  also  converted  into  ammonia 
when  a  compound  of  cyanogen  is  strongly  heated  with  concen- 
trated sulphuric  acid,  as  in  Kjeldahl's  process. 

1  The  following  table  shows  the  analogy  between  cyanogen  and  chlorine : — 
Chlorine,  C1C1.  Cyanogen,  CyCy. 

Hydrochloric  Acid,  HC1.  Hydrocyanic  Acid,  HCy. 

Potassium  Chloride,  KC1.  Potassium  Cyanide,  KCy. 

Potassium  Hypochlorite,  KC10.        Potassium  Oxycyanide  (cyanate),  KCyO. 
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CYANOGEN  GAS.    DICYANOGEN. 

Cyanogen  contains  carbon  and  nitrogen  united  in  atomic 
proportions.  Hence  its  formula  is, — C^N,  or  when  uncombined, 
N^C.C^N.  The  group  CN  is  often  expressed  by  the  symbol  Cy. 

Cyanogen  gas  is  one  of  the  products  of  the  dry  distillation  of 
ammonium  oxalate,  and  may  be  obtained  comparatively  pure  if 
phosphoric  anhydride  be  added  to  assist  the  dehydration : — 
(NH4)2C204  =  4:H20  +  C2N2.  Cyanogen  is  produced  in  many  other 
organic  reactions.  It  occurs  in  small  proportion  in  blast-furnace 
gases,  and  is  formed  when  a  mixture  of  coal-gas  and  ammonia  is 
burnt  in  a  bunsen  burner. 

Cyanogen  gas  is  usually  prepared  by  heating  mercuric  cyanide 
to  dull  redness  : — Hg(C^)2  =  Hg  +  C2N2.1  A  mixture  of  one  part 
of  potassium  cyanide  with  three  parts  of  mercuric  chloride  also 
yields  cyanogen  gas  when  heated.  Two  parts  dry  potassium 
ferrocyanide  may  be  substituted  for  the  potassium  cyanide,  but  in 
this  case  the  gas  evolved  contains  free  nitrogen. 

Cyanogen  is  a  heavy  colourless  gas,  smelling  at  once  of  bitter- 
almonds  and  of  chlorine,  and  burning  when  kindled  with  a 
characteristic  peach-coloured  flame.  Cyanogen  gas  liquefies  under 
the  influence  of  cold  or  pressure  (5  atmospheres  at  20°  C.),  forming 
a  colourless  liquid  boiling  at  —  20*7°  C.  When  further  cooled, 
cyanogen  solidifies  to  a  crystalline  mass  melting  at  —  34r'4°. 

When  exploded  with  oxygen  in  the  eudiometer,  cyanogen 
yields  its  own  measure  of  nitrogen  and  twice  its  measure  of 
carbon  dioxide  :— C2N2  +  202  =  N"2  +  2C02.  As  the  carbon 
dioxide  formed  occupies  the  same  volume  as  the  oxygen  which 
has  entered  into  combination,  the  volume  of  gas  is  unaltered  by 
the  explosion. 

At  the  ordinary  temperature  cyanogen  gas  is  soluble  in  four 
volumes  of  water  or  in  about  twenty-three  volumes  of  alcohol. 
On  keeping,  the  aqueous  solution  becomes  turbid,  and  deposits 
a  brown  substance  called  azulmic  acid,  while,  according  to 
Wohler,  the  liquid  contains  ammonium  oxalate,  together  with 
smaller  quantities  of  urea  and  ammonium  carbonate  and  cyanide. 

Cyanogen  is  absorbed  with  moderate  facility  by  a  solution  of 
caustic  alkali,  with  formation  of  a  cyanide  and  cyanate: — 

C2N2  +  2NaHO  =  NaCN  +  NaCNO  +  H20. 

1  PARACYANOGEN,  CnNn,  is  a  brown  amorphous  substance  left  when 
cyanogen  is  prepared  by  heating  mercuric  or  argentic  cyanide.  It  is  also 
formed  by  the  spontaneous  decomposition  of  hydrocyanic  acid.  When 
heated  in  a  current  of  carbon  dioxide  or  nitrogen,  paracyanogen  gradually 
volatilises  as  cyanogen  gas,  which  may  be  absorbed  by  a  solution  of  potash. 
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Glacial  acetic  acid,  or  even  acetic  acid  of  80  per  cent.,  is  a 
powerful  absorbent  of  cyanogen  gas,  dissolving  eighty  times  its 
volume. 

Cyanogen  gas  is  absorbed  by  a  3  per  cent,  solution  of  hydrogen 
peroxide,  oxygen  being  evolved  after  a  few  minutes,  and  on 
addition  of  a  drop  of  solution  of  caustic  potash  oxamide  separates 
in  needles.  According  to  B.  Radziszewski  (Her.,  xviii.  355), 
the  reaction  is  unaccompanied  by  the  formation  of  bye-products, 
and  is  a  general  one  for  nitriles,  occurring  very  readily  in  alkaline 
solution  at  about  40°  C.  The  following  general  equation  expresses 
the  change  :— R.CN  +  2H202  =  R.CO(NH2)  +  H20  +  02. 

Aniline  also  readily  absorbs  cyanogen  with  formation  of 
cyananiline,  and  has  been  recommended  by  G.  Jacquemin 
for  the  determination  of  cyanogen  in  mixed  gases.  This  suggestion 
has  but  little  practical  utility,  since  M.  Loeb  has  shown  (Jour. 
Chem.  Soc.,  liii.  812)  that  the  simultaneous  presence  of  either 
carbon  monoxide  or  carbon  dioxide  would  vitiate  the  result,  by 
causing  partial  decomposition  of  the  cyananiline  and  evolution  of 
hydrocyanic  acid. 

For  the  determination  of  the  traces  of  free  cyanogen  sometimes 
present  in  crude  coal-gas  and  the  waste  gases  from  blast-furnaces, 
W.  Leybold  (abst.  Jour.  Chem.  Soc.,  1891,  p.  367)  uses  the 
following  method : — In  each  of  a  series  of  three  Woulffe's  bottles 
is  placed  20  c.c.  of  a  strong  solution  of  caustic  soda  (1  :  3),  to  which 
is  added  a  quantity  of  suspended  ferrous  hydroxide,  prepared  by 
adding  20  c.c.  of  the  soda  solution  to  30  c.c.  of  a  10  per  cent, 
solution  of  ferrous  sulphate ;  the  first  bottle  receiving  25  c.c.,  the 
second  15  c.c.,  and  the  third  10  c.c.  of  the  mixture.  The  gas  (100 
litres)  is  passed  through  the  apparatus  during  sixty  to  ninety 
minutes,  when  the  contents  of  the  three  bottles  are  transferred 
to  a  flask  and  boiled  for  fifteen  minutes.  The  solution  is  allowed 
to  cool  and  settle,  when  the  supernatant  fluid  is  decanted  into  a 
500  c.c.  flask,  and  the  ferrous  hydroxide  well  washed.  The  filtrate 
is  then  made  up  to  500  c.c.,  and  an  aliquot  part  (100  or  200  c.c.) 
acidulated  with  hydrochloric  acid,  excess  of  ferric  chloride  added, 
and  the  precipitated  prussian  blue  collected  and  washed  with 
small  quantities  of  water  till  free  from  chlorides.  The  filter  with 
the  precipitate  is  then  treated  with  dilute  soda,  the  liquid  filtered, 
and  the  filtrate  evaporated  to  dryness  with  excess  of  dilute  sulphuric 
acid.  The  residue  is  ignited  and  the  iron  in  it  determined.  56  parts 
of  Fe  or  80  of  Fe203  represent  156  parts  of  cyanogen. 

H.  Drehschmidt  has  described  a  modified  process,  in  which 
the  alkaline  contents  of  the  Woulffe's  bottles  or  absorption-cylinders 
are  boiled  with  mercuric  oxide,  the  resultant  mercuric  cyanide 
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decomposed  by  zinc,  and  the  liquid  titrated  by  silver  solution 
(Chem.  Centralb.,  1892,  i.  1006;  abst.  Jour.  C/iem.  Soc.t  1893, 
ii.  50). 

Halogen-Compounds  of  Cyanogen. 

Cyanogen  unites  with  the  halogens  to  form  compounds  in  which 
the  cyanogen  is  electropositive. 

GASEOUS  CYANOGEN  CHLORIDE,  CyCl,  is  obtained  by  the  action 
of  chlorine  gas  on  hydrocyanic  acid  or  on  mercuric  cyanide.  It 
is  an  extremely  pungent,  poisonous  gas,  which  powerfully  affects 
the  eyes.  Under  a  pressure  of  four  atmospheres  it  condenses  to 
a  colourless  liquid,  which  at  — 18°  C.  solidifies  to  long  transparent 
prisms. 

SOLID  CYANOGEN  CHLORIDE  or  CYANURIC  CHLORIDE,  Cy3Cl3, 
forms  monocliriic  crystals  which  melt  at  140°  and  boil  at  190°. 
It  has  an  acrid  taste,  and  is  a  powerful  poison.  It  has  a  pungent 
odour,  and  acts  on  the  eyes.  When  dilute,  the  odour  of 
cyanuric  chloride  is  compared  to  that  of  the  excrement  of  mice. 
Cyanuric  chloride  is  slightly  soluble  in  water,  and  is  decomposed 
by  boiling  water  with  formation  of  hydrochloric  and  cyanuric 
acids.  Cy3Cl3  +  3H20  =  3HC1  +  H3Cy303. 

CYANOGEN  BROMIDE,  CyBr,  is  obtained  by  adding  bromine  to 
a  cooled  solution  of  potassium  cyanide,  when  a  mixture  of 
potassium  bromide  and  cyanogen  bromide  crystallises  out.  The 
crystals,  when  heated  to  about  60°-65°,  give  a  sublimate  of  the 
latter  compound  in  delicate  prisms  which  rapidly  change  to 
cubes.  Cyanogen  bromide  has  a  pungent  smell,  acts  powerfully 
on  the  eyes,  and  is  very  poisonous.  It  has  recently  been  prepared 
on  a  large  scale  for  use  in  the  extraction  of  gold  by  the  cyanide 
process  (see  page  460). 

CYANOGEN  IODIDE,  Cyl,  is  formed  by  the  action  of  iodine  on 
metallic  cyanides.  It  is  produced  in  the  process  of  Fordos  and 
Gelis  (page  435)  for  the  determination  of  cyanogen,  and  is  said 
to  be  a  common  impurity  in  commercial  iodine.1  Cyanogen  iodide 

1  For  the  detection  of  cyanogen  iodide  in  iodine,  C.  Meineke  (abst. 
Jour.  Chem.  Soc.,  1893,  ii.  246)  acidifies  the  solution  with  a  drop  of  dilute 
hydrochloric  acid,  and  adds  sodium  thiosulphate  in  such  amount  as  to  leave 
only  a  slight  yellow  coloration.  If  ferrous  sulphate  and  an  alkali  be  now 
added,  a  precipitate  of  prussian  blue  will  be  formed  after  again  acidulating 
the  liquid. 

Meineke  states  that  the  cyanogen  in  commercial  iodine  may  be  determined 
with  moderate  accuracy  by  ascertaining  the  difference  in  the  volume  of  a 
standard  thiosulphate  solution  required  in  acid  and  in  neutral  solutions  of 
the  sample.  If  the  iodine  be  dissolved  in  a  solution  of  potassium  iodide  and 
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forms  white  needles,  soluble  in  alcohol  and  ether  but  only  spar- 
ingly soluble  in  water.  It  is  poisonous,  has  an  odour  like  that 
of  cyanogen  bromide,  and  volatilises  at  ordinary  temperatures 
though  it  has  a  high  boiling  point. 

When  iodine  is  added  to  a  solution  of  hydrocyanic  acid,  a 
certain  amount  of  cyanogen  iodide  is  formed  (HCy-|-I2  = 
Hl-f-Cyl),  but  beyond  a  certain  point  the  iodine  is  no  longer 
acted  upon.  The  amount  of  iodine  capable  of  being  converted 
into  cyanogen  iodide,  the  amount  of  hydrocyanic  acid  remaining 
constant,  increases  both  with  the  temperature  and  with  dilution. 
Cyanogen  iodide  is  completely  decomposed  by  hydriodic  acid, 
sulphurous  acid,  hydrogen  sulphide,  stannous  chloride,  and  other 
reducing  agents,  but  is  as  stable  as  iodic  acid  towards  oxidising 
agents. 

Cyanogen  iodide  may  be  determined  volumetrically  by  either 
hydriodic  or  sulphurous  acid.  According  to  E.  von  Meyer, 
small  quantities  of  hydrocyanic  acid  prevent  the  reduction  of  iodic 
acid  by  formic  acid,  but  do  not  influence  the  reduction  of  iodic 
acid  by  hydriodic  acid. 
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As  stated  on  page  423,  the  metallic  cyanides  exhibit  a  great 
tendency  to  unite  with  each  other  to  form  highly  stable  combina- 
tions, which  analytically  are  quite  distinct  from  their  constituents. 
The  more  important  of  these  double  cyanides  are  considered  in 
separate  sections. 

Some  of  the  metallic  cyanides  receive  extensive  industrial 
applications,  and  much  ingenuity  has  been  expended  on  their 
economical  production.  An  outline  of  the  more  important 
processes  of  manufacturing  cyanides  is  given  under  "potassium 
cyanide,"  which  is  the  type  of  the  simple  metallic  cyanides. 

On  ignition  per  se  the  cyanides  of  the  noble  metals  are  decom- 
posed with  liberation  of  the  metal,  cyanogen  gas,  and  formation 

hydrochloric    acid  added,   the  following    reaction  takes    place  on  adding 
thiosulphate : — 

2Cy  I  +  4NaaSa03  +  2HC1  =  2NaoS406  +  2NaCl  +  2NaI  +  2HCy. 
In  neutral  solutions,  however,  3CyI  are  said  to  react  with  5Na2S203  with 
formation  of  one  molecule  of  sodium  sulphate.  Meineke  suggests  that  this 
compound  is  a  product  of  a  secondary  reaction  between  the  cyanide  of  alkali- 
metal  and  the  tetrathionate,  but  the  reaction  by  which  it  is  formed  is  not 
obvious.  He  further  proposes  to  deduce  the  cyanogen  iodide  from  the  amount 
of  sulphate  formed. 
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of  more  or  less  paracyanogen  (see  page  424).  The  cyanides 
of  iron  are  decomposed  into  iron  carbide  and  nitrogen  gas.  The 
cyanides  of  the  alkali-metals  are  not  affected  by  simple  ignition 
in  the  absence  of  air,  but  in  the  presence  of  oxygen  they  are 
converted  into  the  corresponding  cyanates,  and  in  presence  of 
vapour  of  water  yield  more  or  less  ammonia  and  leave  an  alkaline 
carbonate. 

Heated  with  potassium  nitrate  or  chlorate,  the  metallic  cyanides 
detonate  strongly. 

The  cyanides  of  the  metals  of  the  alkalies  and  alkaline-earths 
are  soluble  in  water,  the  former  readily,  the  latter  with  difficulty. 
They  are  decomposed  by  atmospheric  carbonic  acid  with  liberation 
of  hydrocyanic  acid. 

Cyanogen  has  a  remarkable  affinity  for  the  noble  metals.  Thus 
metallic  silver  and  gold  dissolve  in  potassium  cyanide  in  presence 
of  oxygen.  Mercuric  cyanide  is  extremely  stable,  the  mercury 
not  being  precipitated  by  caustic  alkalies,  nor  the  cyanogen  by 
silver  nitrate ;  but  on  treatment  with  palladious  nitrate,  a  yellow 
precipitate  of  palladious  cyanide  is  thrown  down. 

The  simple  cyanides  of  the  heavy  metals  are  insoluble  in  water, 
with  the  exception  of  mercuric  and  thallium  cyanides  (see  p.  455), 
but  their  combinations  with  the  cyanides  of  the  alkali-metals  are 
mostly  soluble. 

The  cyanides  of  organic  radicals  are  of  great  theoretical  interest, 
but  have  no  commercial  importance. 

DETECTION  OF  CYANIDES. 

A  solution  of  potassium  cyanide  gives  the  following  reactions  : — 

1.  On  warming  with  dilute  hydrochloric  acid,  poisonous  hydro- 
cyanic acid  is  evolved,  having  an  odour  of  bitter-almonds. 

2.  Silver  nitrate,  added  in  excess,  throws  down  silver  cyanide, 
AgCy,  as  a  white,  curdy   precipitate,  exactly   resembling  silver 
chloride  in  appearance  and  general  properties.     The  washed  pre- 
cipitate differs  from  silver  chloride  in  the  following  respects  : — 

a.  By  evolving  hydrocyanic  acid  when  boiled  with  hydrochloric 
acid. 

b.  By  dissolving  in  concentrated   nitric  acid  (in  which  silver 
chloride  is  insoluble),  yielding  a  solution  in  which  silver  may  be 
detected  by  adding  hydrochloric  acid.     This  reaction  serves  to 
separate  chloride  of  silver  from   the  cyanide.       If  the  solution 
of  silver  cyanide  in  hot  nitric  acid  of  1*2  sp.  gr.  be  filtered  from 
the  insoluble  silver  chloride  and  allowed  to  cool  without  agitation, 
the  silver  cyanide  is  deposited  in  a  semi-gelatinous  form.     On 
gentle  agitation  it  collects   suddenly  into  opaque  masses,  which 
under  the  microscope  appear  as  groups  of  needles. 
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c.  By    suffering    complete    decomposition    with    quantitative 
formation    of    ammonia,    when    strongly    heated    with    fuming 
sulphuric  acid  and  a  globule  of  metallic  mercury. 

d.  By    evolving    cyanogen    gas    on   ignition,    leaving    metallic 
silver  (mixed  with  paracyanogen).     Silver  chloride  fuses  without 
decomposition. 

e.  By  responding  to  reactions  3  and  4. 

/.  By  being  deposited  in  needles  after  being  very  gently  heated 
with  ammonia,  whereas  silver  chloride,  when  similarly  treated, 
yields  octahedra. 

3.  On  adding  caustic   soda  and  ferrous  sulphate,  a  ferrocyanide 
is  formed  :— 6KCy  +  FeS04  =  K2S04  +  K4FeCy6.    On  acidulating 
the  liquid  with  hydrochloric  acid  and  adding  ferric  chloride,  a 
prussian  blue   precipitate   (or  bluish-green    coloration)    of    ferric 
ferrocyanide   is  produced.      If  the  ferrous  sulphate  contain  any 
ferric  salt,   the   addition   of  ferric   chloride   is  superfluous.      In 
testing  for  traces  of  hydrocyanic  acid,  the  employment  of  excess 
of  the  iron  salts  should  be  carefully  avoided,  or  the  yellow  colour 
will  mask  the  green.    Properly  performed,  the  test  is  very  delicate 
and  characteristic,  1  part  of  hydrocyanic  acid  in  50,000  of  water 
being  indicated.     It  is  not  applicable  in  presence  of  ferrocyanides 
or  ferricyanides. 

4.  On  evaporation  to  dryness  at  a  steam-heat,  after  addition  of 
yellow    ammonium   sulphide,1    a    thiocyanate   (sulphocyanide)    is 
formed.    On  treating  the  residue  with  water,  filtering  if  necessary, 
acidulating  with  hydrochloric  acid  and  adding  ferric  chloride,  a 
blood-red  colour  is  produced,  due  to  the  formation  of  ferric  thio- 
cyanate.    The  colour  is  distinguished  from  that  due  to  an  acetate 
by  being  unaffected  by  dilute  hydrochloric  acid,  and  from  that 
produced  by  a  meconate  by  being  readily  destroyed  on  addition  of 
mercuric  chloride.     If  the  use  of  excess  of  iron  solution  has  been 
avoided,  on  agitation  of  the  liquid  with  ether  the  sulphocyanide 
dissolves  and  colours  the  ethereal  layer  red.     This  test  can  be 
applied  to   silver   cyanide.     Free   hydrocyanic  acid  or  a  simple 
cyanide  can  be  detected  in  presence  of  a  ferrocyanide,  ferricyanide 
or  thiocyanate  by  mixing  the  suspected  liquid  with  tartaric  acid, 
warming  it,  and  allowing  the  vapours  to  act  on  a  drop  of  yellow 
ammonium  sulphide  contained  in  a  porcelain  dish  or  watch-glass, 
inverted   over  the   vessel    containing    the    sample   to  be   tested. 
After  some  time  the  cover  is  removed,  the  drop  of  liquid  evapo- 
rated to  dryness,  and  the  residue  treated  as  above  described.    This 

1  When  free  hydrocyanic  acid  is  to  be  tested  for,  it  is  advantageous  to  add 
a  drop  of  a  weak  solution  of  caustic  alkali  before  treating  the  solution  with 
ammonium  sulphide,  an  excess  of  which  should  be  carefully  avoided. 


430 


CYANIDES  IN  ALKALIMETRY. 


elegant  and  delicate  test,  which  is  due  to  Lie  big,  is  said  to  indi- 
cate the  presence  of  1  part  of  hydrocyanic  acid  in  4,000,000  of 
water.1 

Free  hydrocyanic  acid  responds  readily  to  all  the  above  tests. 

Mercuric  cyanide  reacts  peculiarly,  and  must  be  examined  in  a 
special  manner  (pages  448,  455). 

5.  A  useful  test  for  free  hydrocyanic  acid  is  the  blue  coloration 
it  produces  with  gum  guaiacum  in  presence  of  compounds  of 
copper.  The  test  is  commonly  applied  by  moistening  a  slip  of 
filter-paper  with  a  very  dilute  solution  of  copper  sulphate,  then 
with  a  tincture  of  guaiacum,  and  drying  it.  If  the  paper  so  pre- 
pared be  immersed  in  a  liquid  containing  a  trace  of  hydrocyanic 
acid  it  acquires  a  bright  blue  colour.  Hilger  and  T  a  nib  a  (abst. 
Jour.  Chem.  Soc.,  1891,  page  1555)  consider  guaiacum  test-paper 
untrustworthy,  and  recommend  that  the  suspected  liquid  should 
be  treated  in  a  porcelain  dish  with  a  drop  of  tincture  of  guaiacum, 
followed  by  a  drop  of  solution  of  copper  sulphate. 

DETERMINATION  OF  CYANIDES. 

The  behaviour  of  cyanogen  compounds  with  indicators  of 
neutrality  presents  some  curious  anomalies,  which  must  be  borne 
in  mind  when,  attempting  to  determine  cyanides  by  alkalimetric 
methods.  The  following  is  a  statement  of  the  chief  facts  observed 
with  respect  to  potassium  cyanide  and  its  associates  in  cyanide 
liquors  of  gold-extraction  works  : — 


Percentage  of  Total  Potassium  indicated  by  titration 
with  Standard  Hydrochloric  Acid. 

Litmus. 

Phenol-phthalein. 

Methyl-orange. 

Potassium  cyanide,  . 

100 

100 

100 

Potassium  sulphocyanide, 

0 

0 

0 

Potassium  ferrocyanide, 

0 

0 

0 

Potassium  ferricyanide,  . 

0 

0 

0 

Potassium  zinc  cyanide,  . 

... 

7-92 

2002 

Potassium  silver  cyanide, 

0» 

04 

Potassium  zinc  oxide, 

100 

100 

100 

Potassium  carbonate,      . 

100  (hot) 

50 

100 

Potassium  bicarbonate,  . 

100  (hot) 

0 

100 

Potassium  hydroxide,     . 

100 

100 

100 

1  Link  and  Msec k el  (Zeitsch.  anal.  Chem.,  1878,  p.  455). 

2  This  statement  is  made  on  the  authority  of  W.  Bettel  (Chem.  Neivs, 
Ixxii.  287).     In  the  case  of  potassium  zinc  cyanide  the  point  of  neutrality  to 
methyl-orange  corresponds  to  the  equation  : — 

K2ZnCy4  +  4HC1  =  ZnCl2  +  2KC1  +  4HCy. 

3  According  to  L.  S  i  e  b  o  1  d.     4  According  to  J.  E.  C 1  e  n  n  e  1  ]. 


DETERMINATION  OF  CYANIDES.  431 

Various  methods  of  determining  cyanides  have  been  devised, 
but  the  best  in  most  cases  are  those  founded  on  the  formation  of 
argentic  cyanide.  The  process  may  be  conducted  gravimetrically 
as  in  (1),  or  by  one  of  the  volumetric  methods  subsequently 
described. 

1.  In  free  hydrocyanic  acid  and  the  cyanides  of  the  light 
metals,  the  determination  of  the  cyanogen  may  be  effected  by 
treating  the  solid  substance  or  liquid  to  be  tested  with  an  excess 
of  a  solution  of  silver  nitrate,  adding  water,  and  then  rendering 
the  liquid  moderately  acid  with  nitric  acid.  The  precipitate  of 
silver  cyanide  is  allowed  to  settle  without  applying  heat,  when 
the  liquid  is  filtered,  the  precipitate  washed,  dried  at  100°,  and 
weighed  as  AgCy ;  or  the  precipitate  may  be  ignited  for  a  con- 
siderable time  in  an  open  porcelain  crucible,  and  the  residual 
metallic  silver  weighed.1  108  parts  of  Ag  or  134  of  AgCy 
represent  26  parts  of  Cy  or  27  of  HCy. 

In  presence  of  sulphides,  these  must  first  be  removed  by 
agitating  the  liquid  with  lead  carbonate  (white-lead),  and  adding 
the  silver  nitrate  to  the  filtered  liquid. 

In  presence  of  chloride,  the  silver  precipitate  is  dried  at 
100°  C.  and  weighed,  then  just  fused,  reduced  by  treatment  with 
zinc  and  dilute  sulphuric  acid,  filtered,  and  chlorine  determined  in 
the  filtrate  by  nitrate  of  silver.  The  proportion  of  silver  chloride 
corresponding  thereto  is  deducted  from  the  observed  weight  of 
silver  precipitate,  the  difference  being  argentic  cyanide.  Small 
quantities  of  cyanide  in  a  mixture  with  chloride  are  better  deter- 
mined by  igniting  the  silver  precipitate  with  soda-lime  or  heating 
it  with  strong  sulphuric  acid,  and  determining  the  resultant 
ammonia. 

The  double  cyanides  of  potassium  with  nickel,  copper,  and  zinc 
can  be  analysed  gravimetrically  by  the  above  method,  provided 
that  the  silver  precipitate  be  digested  for  some  time  with  silver 
nitrate  and  dilute  nitric  acid,  the  action  being  assisted  by  a  gentle 
heat. 

1  Bitter-almond  water  and  Cherry-laurel  water  contain  ammonium  cyanide 
and  benzaldehyde  cyanhydrin  in  addition  to  free  hydrocyanic  acid.  To 
apply  the  process  in  the  text  to  the  determination  of  the  total  cyanogen  in 
such  liquids,  50  c.c.  of  the  sample  should  be  treated  in  a  stoppered  bottle 
with  excess  of  silver  nitrate.  Ammonia  is  then  added  until  the  liquid  is 
strongly  alkaline,  when  it  is  at  once  acidified  with  dilute  nitric  acid,  carefully 
avoiding  a  large  excess.  The  process  must  be  performed  in  the  cold,  and 
with  the  greatest  possible  rapidity.  Water  is  then  added  (200  c.c.),  the 
solution  agitated  till  the  precipitate  aggregates,  when  it  is  filtered  off,  dried, 
ignited,  and  weighed. 
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2.  Another  convenient  and  fairly  accurate  method  of  assaying 
hydrocyanic  acid  and  preparations  containing  it  is  to  make  a  milk 
by  grinding  magnesia  with  water,  and  add  sufficient  of  the  mixture 
to  a  known  measure  of  the  liquid  to  be  tested  to  render  it  opaque 
after  agitation.      Two  drops  of  a  saturated  aqueous  solution  of 
neutral  potassium  chromate  are  then  added,  and  the  liquid  titrated 
with  decinormal  solution  of  silver  nitrate,  until  a  pale  red  tint  is 
observed  which  does  not  disappear  on  agitation.     This  reaction 
corresponds  to  the  formation  of  red  silver  chromate,  which  does 
not  occur  until  the  whole  of  the  cyanide  present  has  been  con- 
verted into  silver  cyanide.     One  c.c.  of  decinormal  silver  solution 
(17'0  grammes  of  AgN03  per  litre)  corresponds  to  0'0027  gramme 
of  HCy.1 

The  foregoing  process  is  practically  identical  with  that  com- 
monly employed  for  the  determination  of  chlorides.  Hence  it 
follows  that  chlorides  must  be  absent,  or  must  be  separately 
determined  and  allowed  for.  A  combination  of  the  foregoing 
process  with  that  next  to  be  described  would  allow  of  a  deter- 
mination of  chlorides  in  presence  of  cyanides. 

3.  A  very  convenient  and  accurate    method    of   using   silver 
nitrate  for  the  determination  of  cyanogen  in  hydrocyanic  acid  and 
simple  cyanides  is  that  of  Lie  big.     Some  of  the  errors  to  which 
the   process  is  liable   have  been    pointed    out    by   L.    Siebold 
(Pharm.  Jour.,  [3],  ix.  191),  who  has  also  extended  the  field  to 
which  the  process  is  applicable,  and  has  shown  that  it  may  be 
employed  for  the  determination  of  alkaline  cyanides  in  presence  of 
free  hydrocyanic  acid.     Liebig's  process  is  based  on  the  fact  that 
silver  cyanide  forms  a  soluble  double  salt  with  potassium  cyanide, 
of  the   composition   AgCy,KCy.      Hence  the   first  effect  of  the 
addition  of  silver  nitrate  to  a  solution  of  a  cyanide  of  alkali-metal 
is  to  cause  the  reaction: — 2KCy -f  AgN03  =  AgCy,KCy  +  KN03. 
Until  the  silver  solution  is  added  in  excess  of  the  quantity  required 
for  this  reaction,  the  liquid  remains  perfectly  clear,  but  a  single 
additional  drop  causes  a  permanent  turbidity  of  silver  cyanide,  or, 
in  presence  of  chlorides,  of  silver  chloride.     The  process  is  ex- 
tremely simple,  the  liquid  to  be  tested  being  merely  placed  in  a 
flask  or  beaker  resting  on  a  black  surface,  and  decinormal  silver 
nitrate  (17'0  grammes  of  AgN03  per  litre)  then  run  in  from  a 
burette,  with  continual  agitation,  until  a  slight  permanent  turbidity 

1  This  form  of  the  silver  process  is  very  suitable  for  the  assay  of  bitter  - 
almond  water  and  cherry-laurel  water,  as  recommended  by  H.  C.  Viel- 
haber  (abst  Jour.  Chem.  Soc.,  1879,  page  280).  He  points  out  that  the 
magnesia  neutralises  any  free  acid,  and  thus  potassium  bichromate  may  be 
substituted  for  the  neutral  salt. 
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results.     Each  c.c.  of  decinormal  silver  solution  is  equivalent  to 
•0052  gramme  of  Cy,  '0054  of  HCy,  or  '01302  of  KCy. 

The  foregoing  process  only  indicates  the  metallic  cyanide 
present,  free  hydrocyanic  acid  giving  an  immediate  precipitate 
with  the  silver  solution.  Hence,  in  assaying  free  hydrocyanic  acid, 
the  liquid  must  first  be  treated  with  a  full  equivalent  of  caustic 
alkali ;  but  a  very  large  excess  should  be  avoided.  The  addition 
of  the  proper  amount  cannot  be  ascertained  by  litmus,  cyanides  of 
the  alkali-metals  having  a  powerfully  alkaline  reaction.  The 
liquid  at  the  termination  of  the  titration  should  be  distinctly 
alkaline  to  litmus ;  if  otherwise,  more  caustic  alkali  must  be  added 
(which  will  cause  the  disappearance  of  the  turbidity),  and  the 
titration  continued  till  a  permanent  turbidity  results.  To  com- 
pensate in  accurate  experiments  for  the  slight  error  produced  by 
a  large  excess  of  alkali,  Siebold  suggests  that  the  liquid  should 
be  titrated  back  with  normal  acid,  until  a  slightly  increased 
turbidity  results.  For  each  1  c.c.  so  used,  *01  c.c.  should  be 
deducted  from  the  volume  of  decinormal  silver  solution  previously 
employed. 

In  a  liquid  containing  alkaline  cyanide  as  well  as  free  hydro- 
cyanic acid,  the  amounts  of  each  of  these  may  be  ascertained  by 
titrating  first  without  addition  of  caustic  alkali,  and  then  continu- 
ing the  process  after  adding  it.  The  volume  of  silver  solution 
first  used  represents  the  metallic  cyanide,  the  second  quantity 
the  free  hydrocyanic  acid. 

In  titrating  medicinal  hydrocyanic  acid,  10  c.c.  of  normal 
caustic  alkali  (liquor  potassce  and  Uq.  sodce,  B.P.,  are  approximately 
normal)  should  be  placed  in  a  conical  flask  or  beaker,  diluted  to 
100  c.c.  with  water,  and  10  c.c.  of  the  sample  to  be  tested  added.1 
Of  Bitter-almond  ivater  50  c.c;  should  be  employed.  It  becomes 
milky  on  dilution  from  precipitation  of  hydrobenzamide,  but  this 
inconvenience  may  be  avoided  by  adding  alcohol.  A  similar 
quantity  of  the  alcoholic  solution  of  bitter-almond  oil  may  be  used. 

Liebig's  process  has  the  advantage  over  method  2  that  the 
presence  of  chlorides,  far  from  interfering,  is  to  be  preferred. 
Sulphides,  if  present,  must  be  previously  removed  by  agitating 
the  liquid  with  a  little  lead  carbonate  and  filtering.  Formates 
and  cyanates  are  without  influence  on  the  results. 

Bitter-almond  water  and  old  solutions  of  potassium  cyanide  are 
liable  to  give  too  high  results  by  Liebig's  method,  owing  to  the 
presence  of  ammonia,  which  has  a  solvent  action  on  the  silver 

1  A  washing  bottle  should  be  interposed  between  the  mouth  and  the 
pipette,  to  avoid  the  danger  of  inhaling  the  vapour  or  the  fatal  consequence 
of  sucking  some  of  the  liquid  into  the  mouth. 
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cyanide.  Hence  the  end-reaction  does  not  occur  as  soon  as  it 
would  in  the  absence  of  ammonia.  But  this  source  of  error  may 
be  wholly  avoided  by  adding  a  few  drops  of  potassium  iodide  to  the 
solution.  In  presence  of  this  salt  the  end  of  the  reaction  is  indi- 
cated by  a  turbidity  due  to  argentic  iodide,  a  body  which  is  not 
soluble  in  dilute  ammoniacal  liquids.  The  use  of  iodide  allows 
ammonia  to  be  used  instead  of  fixed  alkali  for  neutralising  free 
hydrocyanic  acid. 

L.  Siebold  has  shown  that  chlorides  when  present  may  be 
conveniently  determined  in  the  same  liquid  in  which  the  cyanide 
has  been  estimated  by  neutralising  the  excess  of  free  alkali 
(which  should  not  be  ammonia)  by  the  cautious  addition  of  dilute 
nitric  acid,1  adding  a  few  drops  of  a  solution  of  neutral  potassium 
chromate,  and  continuing  the  addition  of  the  silver  solution  until 
the  red  tint  due  to  the  formation  of  silver  chromate  remains 
permanent  (compare  process  2).  If  cyanide  only  be  present,  the 
volume  of  silver  solution  now  required  will  be  exactly  equal  to 
that  previously  employed  to  obtain  a  permanent  turbidity,  whereas 
any  excess  over  this  amount  represents  the  silver  solution 
corresponding  to  the  chlorides  present.2 

Liebig's  process  may  also   be  applied  to  the  partial  assay  of 

1  Or  a  solution  of  magnesium  sulphate  may  be  added  till  the  liquid  is  only 
faintly  alkaline  to  litmus. 

2  L.  Siebold  has  pointed  out  that  the  double  cyanides  of  silver  with  the 
alkali-metals  are  very  permanent  bodies,  while  their  solutions  are  perfectly 
n  eutral  to  litmus.    He  lias  based  on  these  facts,  combined  with  Liebig's  process, 
an  ingenious  method  of  alkalimetry,  which  is  directly  applicable  to  the  assay 
of  alkaline  carbonates.     To  the  solution  of  a  weighed  quantity  of  the  sample 
of  carbonate,  excess  of  hydrocyanic  acid  is  added,  and  the  liquid  is  at  once 
titrated  with   standard  silver  nitrate.*   As  the   production  of  permanent 
turbidity  is  only  deferred  in  proportion  to  the  amount  of  alkaline  cyanide 
present  (the  excess  of  the  hydrocyanic  acid  having  no  effect),  and  as  carbonates 
are  completely  decomposed  by  hydrocyanic  acid  in  presence  of  silver  nitrate, 
the  volume  of  the  latter  solution  added  at  once  indicates  the  amount  of 
alkali  present,  the  reaction  being  as  follows  :— 

Na2C03  +  2HCy  +  AgN03  =  NaX03  +  NaCy,  AgCy  +  H20  +  C02. 
Hence,  each  c.c.  of  decinormal  AgN03  employed  represents  '0062  of  "Na^O, 
or  '0106  of  Na2C03  in  the  sample  taken.  By  boiling  off  the  excess  of  free 
hydrocyanic  acid  and  titrating  again  with  silver  nitrate,  using  neutral 
potassium  chromate  as  an  indicator,  the  proportion  of  chloride  can  be  deter- 
mined in  the  same  quantity.  Siebold's  test  analyses  are  remarkably  good,  and 
he  claims  that  the  alkali  and  chlorine  in  a  sample  of  soda-ash  can  both  be 
determined  in  ten  or  fifteen  minutes  by  the  use  of  a  single  burette  and 
standard  solution.  Strong  hydrocyanic  acid  for  use  in  the  above  process  can 
readily  be  kept  permanent  by  addition  of  glycerin  (Pharm.  Jour.,  [3],  ix. 
191). 
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electro-plating  liquids,  which  commonly  consist  of  a  solution  of 
the  double  cyanide  of  silver  and  potassium.  A  considerable  extra 
amount  of  cyanide  of  potassium  is  often  present.  This  only  will 
be  indicated  by  titrating  with  silver  nitrate  until  a  permanent 
turbidity  results;  170  of  AgN08  representing  130'2  of  free  KCy. 
The  potassium  cyanide  existing  in  combination  with  silver  cyanide 
is  best  determined  by  Hannay's  process,  or  by  estimating  the 
silver  itself  (p.  441). 

Any  carbonate  existing  in  alkaline  cyanides  or  plating  solutions 
may  be  determined  by  precipitating  the  liquid  with  calcium 
chloride,  and  collecting  and  weighing  the  resultant  calcium  car- 
bonate. 

4.  J.  B.  Hannay  (Jour.  Chem.  Soc.,  xxxv.  245)  has  described 
a  process  for  the  volumetric  determination  of  cyanides  based  on  the 
anomalous  characters  of  mercuric  cyanide.     This  compound  is  not 
decomposed   by  alkalies,  and   is   at  once   produced  on  adding  a 
mercuric   solution  to  that   of  an  alkaline   cyanide.     In  practice, 
the  process  is  conducted  by  adding  a  moderate  excess  of  ammonia 
to  the  solution  to  be  tested,  placing  the  vessel  on  a  black  surface, 
and  running  in  a  decinormal  solution  of  mercuric  chloride  (con- 
taining   13 '5 5    grammes    of    HgCl2    per    litre)    with    continual 
agitation  until  a  permanent  bluish-white  opalescence  is  produced. 
The    reaction    is    as    follows :—  2KCy  +  HgCl2  =  HgCy2+2KCl. 
Hence,  each   c.c.  of  mercurial   solution  (of  the   above  strength) 
employed  represents  '00651  gramme  of  KCy,  or  '0026  of  Cy,  in 
the  liquid  examined.     Very  large  proportions  of  ammonia  inter- 
fere somewhat,  but  less  than  fifteen  equivalents  are  stated  to  be 
without    important    effect.       Alkaline    sulphates,    nitrates    and 
chlorides  do  not  interfere,  nor  do  caustic  or  carbonated  alkalies. 
Cyanates    and    thiocyanates    are    also   without    influence   on   the 
results,  and  the   same  is   true  of  silver  salts,  so   that  the  total 
cyanogen  existing  in  electro-plating  liquids  can  be  directly  deter- 
mined by  the  process.     Siebold  expresses  a  high  opinion  of  the 
accuracy  of  Hannay's  method,  but  the  author's  own  experiments 
show  that  the  process,  though  very  convenient  for  certain  purposes, 
gives  results  only  approximately  correct. 

5.  An  accurate  and  simple   process  of   determining   cyanogen 
existing  in  the  form  of  a  cyanide  of  a  light  metal  has  been  devised 
by  Fordos  and  Gelis.     It  is  based  on  the  formation  of  cyanogen 
iodide.     The  solution  is  simply  titrated  with  a  decinormal  solution 
of  iodine,  using  starch  solution  as  an  indicator,  until  the  produc- 
tion of  a  permanent  blue  tint  indicates  the  end  of  the  reaction: — 
KCy  + 12  =  KI  +  Cyl.     Hence  1  c.c.  of  decinormal  iodine  repre- 
sents   0*0135    gramme    of    cyanogen,    or    0'03255    gramme    of 
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potassium  cyanide.  Sulphides  must  be  absent,  and  any  alkalies 
or  monocarbonates  must  be  neutralised  by  addition  of  excess  of 
carbonic  acid  water  (ordinary  seltzer  or  soda  water).  Further 
information  respecting  the  practical  applications  of  the  method 
will  be  found  below. 

ASSAY  OF  CYANIDE  LIQUORS  IN  GOLD  WORKS. 

In  the  extraction  of  gold  by  the  cyanide  process  it  is  necessary 
for  advantageous  working  to  ascertain  the  strength  of  the  dilute 
solutions  of  potassium  cyanide  employed.  After  repeated  use 
these  are  greatly  reduced  in  strength,  becoming  contaminated  with 
various  impurities  (e.g.,  zinc,  ferrocyanides,  &c.),  some  of  which 
quite  invalidate  the  ordinary  methods  of  assay.1  The  presence  of 
zinc  is  especially  objectionable,  since  the  potassium  zinc  cyanide 
cannot  be  readily  determined  and  prevents  a  correct  titration  of 
the  potassium  cyanide  either  by  the  silver  or  the  iodine  process. 

In  the  practical  assay  of  such  dilute  cyanide  liquors  no  method 

MV.  Bettel  (0/iem.  Neivs,  Ixxii.  299)  has  published  the  following 
analyses  of  spent  liquors  resulting  in  practice  from  the  cyanide  process  of 
gold  extraction.  A  represents  a  cyanide  solution  which  had  been  in  contact 
with  clean  pyrites  from  Robinson  concentrates  for  twenty-eight  months,  with 
a  limited  supply  of  air.  B  was  a  solution  from  the  treatment  of  dry  crushed 
Robinson  G.  M.  Company's  ore  without  addition  of  neutralising  agents, 
after  passing  through  the  zinc  boxes.  C  was  similar  to  B,  but  lime  had  been 
added,  and  it  had  not  passed  through  the  zinc  box.  D  was  like  B,  but  with 
lime  in  small  quantity,  and  was  sampled  after  passing  the  zinc  box.  The 
figures  are  percentages. 


A 

B 

C 

D 

Potassium  cyanide,  .        .        .       . 

•005 

•085 

•24 

"23 

Potassium  sulphocyanide, 

•14 

•004 

•008 

•004 

Potassium  ferrocyanide,  . 

*77 

•074 

trace 

'    '059 

Potassium  ferricyanide,   . 

... 

... 

•033 

... 

Potassium  zinc  cyanide,   . 

•25 

... 

•154 

Potassium  zinc  oxide  (l^ZnOo), 

... 

•15 

... 

Potassium  bicarbonate,    . 

•33 

•566 

... 

•547 

•21 

•808 

•003 

•006 

Calcium  hydroxide,  .... 

•067 

A  contained  sulphates  and  formates,  but  the  amounts  were  not  determined. 
The  carbonate  in  this  solution  was  calculated  to  K2C03.  There  was  no 
sulphide  present.  C  originally  contained  0*30  per  cent,  of  potassium  cyanide 
and  D  0*45  per  cent.  Free  hydrocyanic  acid  to  the  amount  of  0'04  per  cent, 
is  said  to  have  been  present  in  D.  Sulphates  were  absent. 
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is  admissible  which  does  not  give  a  perfectly  definite  end- 
reaction  and  which  is  not  easily  and  rapidly  executed.  The 
problem  has  been  recently  investigated  by  J.  E.  Clennell  (Chief 
Chemist  to  the  Hand  Central  Ore  Reduction  Company,  Johannes- 
burg) and  W.  Be tt el,  of  whose  results  the  following  is  an  epitome 
(Chem.  News,  Ixxi.  274;  Ixxii.  227,  286,  298). 

Solutions  are  frequently  met  with  which  are  turbid  from  the 
presence  of  suspended  matters.  Clarification  can  be  readily 
effected  by  agitation  with  lime,  but  such  treatment  is  inadmissible 
since  it  causes  decomposition  of  the  zinc  cyanide,  and  thus  raises 
the  apparent  strength  of  the  solution.  On  the  other  hand,  the 
decomposition  it  effects  is  always  incomplete,  so  that  it  cannot  be 
•employed  to  eliminate  the  zinc. 

In  the  absence  of  zinc,  turbid  cyanide  solutions  may  in  many 
cases  be  accurately  titrated,  without  filtering,  by  the  iodine 
method.  But  it  is  essential  that  the  solution  contain  no  alkaline 
hydroxide  or  monocarbonate.  To  eliminate  these,  Clennell  pro- 
ceeds as  follows : — Silver  nitrate  is  first  added  to  a  measured 
volume  of  the  cyanide  solution  to  be  tested  until  a  permanent 
turbidity,  or  if  the  solution  was  originally  turbid  a  distinct  in- 
crease of  turbidity,  is  observed.  Addition  of  a  few  drops  in  excess 
is  immaterial.  A  drop  of  phenol-phthalein  solution  is  now  added, 
and  the  liquid  titrated  with  decinormal  hydrochloric  acid  until 
•the  pink  colour  disappears.  Another  (equal)  measured  portion  of 
the  cyanide  solution  is  then  taken,  and  decinormal  hydrochloric 
acid  added  drop  by  drop,  with  agitation,  in  volume  a  trifle  less 
than  that  previously  found  necessary  to  render  the  other  portion 
neutral  to  phenol-phthalein.  This  neutralised  solution  is  then 
ready  for  titration  with  iodine.1 

In  the  case  of  cyanide  liquors  containing  zinc  in  notable 
amount,  Clennell  recommends  the  following  process  for  the  deter- 
mination of  the  total  cyanide  : — A  measured  volume  of  the  solu- 

1  This  process  depends  on  the  following  facts  :— 

1.  In  a  solution  containing  cyanide,  hydroxide,  and  monocarbonate  of 
alkali-metal,  addition  of  a  dilute  hydrochloric  acid  converts  the  hydroxide 
into  chloride  and  the  monocarbonate  into  bicarbonate,  before  any  cyanide  is 
decomposed. 

2.  Bicarbonates  of  the  alkali-metals  are  without  action  on  iodine. 

3.  When  sufficient  silver  nitrate  has  been  added  to  a  solution  to  convert 
-all  the  cyanide  into  potassium  silver  cyanide,  which  compound  is  neutral  to 
phenol-phthalein,  any  amount  of  hydrochloric  acid  subsequently  required  to 
establish  neutrality  to  phenol-phthalein  is  a  measure  of  the  hydroxide  and 
monocarbonate  present  in  the  solution. 

Further  information  with  respect  to  the  behaviour  of  cyanides,  &c.,  with 
indicators  of  neutrality  will  be  found  on  page  430. 
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tion  is  made  strongly  alkaline  with  caustic  soda,  and  sulphuretted 
hydrogen  passed  until  it  ceases  to  give  a  precipitate,  or,  preferably, 
a  solution  of  sodium,  sulphide  is  added  in  slight  excess.1  The 
liquid  is  then  made  up  to  a  definite  volume,  agitated,  and  allowed 
to  stand  till  the  zinc  sulphide  has  settled,  a  little  lime  being 
added,  if  necessary,  to  assist  the  clarification.  The  solution  is 
then  filtered,  and  the  filtrate  agitated  with  litharge,  added  in 
small  quantities  at  a  time,  with  constant  agitation,  until  a  drop  of 
the  liquid  no  longer  gives  the  slightest  coloration  with  lead 
acetate.  The  liquid  is  then  passed  through  a  dry  filter,  and  a 
known  measure  of  the  filtrate  titrated  with  silver  nitrate. 

In  the  titration  with  silver  nitrate,  a  slight  granular  precipitate 
is  generally  observed  towards  the  end  of  the  process.  This  should 
be  disregarded,  the  end-point  being  the  appearance  of  a  permanent 
white  turbidity  which  pervades  the  whole  liquid. 

Clennell  finds  that  the  total  cyanogen  existing  in  cyanide  liquors 
free  from  reducing  impurities  may  be  determined  very  satisfactorily 
with  iodine  if  the  solution  be  first  treated  with  potassium  ferro- 
cyanide.  This  forms  zinc  ferrocyanide  and  potassium  cyanide. 
The  liquid  is  then  titrated  with  iodine,  a  few  drops  of  dilute 
starch  solution  being  used  as  an  indicator.  Zinc  ferrocyanide 
comes  down  as  a  dense  white  precipitate  before  the  end  of  the 
titration,  but  does  not  interfere  with  the  observation  of  the  end- 
point.  Solutions  containing  free  hydrocyanic  acid  must  first  be 
neutralised  by  caustic  soda,  while  such  as  contain  caustic  alkali  or 
alkaline  carbonate  must  be  neutralised  by  hydrochloric  acid. 

Clennell  regards  the  foregoing  method  as  much  simpler  and 
equally  accurate  with  that  involving  precipitation  with  sodium 
sulphide,  providing  that  reducing  bodies  are  absent.  Unfortu^ 
nately,  the  solutions  which  pass  through  the  zinc  boxes  are  sub- 
jected to  the  powerfully  reducing  action  of  nascent  hydrogen, 
which  is  apt  to  produce  traces  of  sulphides,  sulphites,  or  thio* 
sulphates,  in  presence  of  which  the  titration  with  iodine  is 
vitiated. 

The  cyanide  existing  as  potassium  zinc  cyanide  is  regarded  by 
Clennell  as  valueless  as  a  solvent  of  gold,2  and  hence  it  is  neces- 

1  Sodium  sulphide  is  preferable  to  sulphuretted  hydrogen,  as  its  use  does 
not  necessitate  the  previous  addition  of  a  large  excess  of  caustic  alkali,  the 
presence  of  which  is  prejudicial  to  the  accuracy  of  the  subsequent  titration 
with  silver  solution.     Lead  carbonate  (ordinary  white  lead)  might  be  advan- 
tageously substituted  for  the  litharge  employed  by  Clennell. 

2  This  view  does  not  appear  to  be  strictly  correct.     From  experiments 
made  in  the  laboratory  of  the  African  Gold  Recovery  Company,  it  appears 
that  pure  potassium  zinc  cyanide,  containing  no  admixture  of  free  potassium. 
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sary  to  supplement  the  determination  of  the  total  cyanide  by  a 
process  for  the  determination  of  the  zinc.  This  can  be  approxi- 
mately effected  by  adding  a  known  excess  of  standard  ferro- 
cyanide  solution,  acidulating  with  dilute  sulphuric  acid,  and  titrat- 
ing with  standard  permanganate.  Ferricyanides  and  cyanides 
cause  no  serious  interference,  but  thiocyanates  and  other  reducing 
agents  must  be  absent.  On  adding  the  ferrocyanide  no  precipitate 
is  formed,  but  on  acidulating  the  solution  the  zinc  is  thrown 
down  as  an  insoluble  ferrocyanide  which  is  unaffected  by  the 
permanganate.  The  difference  between  the  amount  of  ferro- 
cyanide added  and  that  subsequently  found  indicates  the  amount 
which  has  reacted  with  the  zinc.  The  reaction  appears  to  be 
represented  by  the  following  equation  : — 

3K2ZnCy4  +  2K4FeCy6  +  12H2S04= K2Zn3(FeCy6)2  +  12KHS04  +  12HCy. 
Hence  422  parts  of  crystallised  potassium  ferrocyanide  correspond 
to  65  parts  of  zinc. 

In  addition  to  zinc,  which,  when  present  to  any  appreciable 
extent,  renders  the  results  of  the  direct  titration  of  cyanides 
either  by  the  silver  or  the  iodine  process  quite  indefinite, 
Clennell  has  pointed  out  the  influence  of  the  following  substances 
liable  to  occur  in  the  cyanide  liquors  of  gold  works : — 

Ferrocyanides  render  the  results  by  the  silver  process  somewhat 
too  high,  but  the  error  is  unimportant,  unless  the  proportion  of 
cyanide  is  relatively  small.  With  the  iodine  method  the  disturb- 
ance caused  by  moderate  amounts  of  ferrocyanides  is  insignificant. 

Ferricyanides  interfere  very  slightly  with  the  correct  titration 
of  cyanides  either  by  the  silver  or  by  the  iodine  method.  In  the 
former  case,  instead  of  the  white  precipitate  of  silver  cyanide 
ordinarily  formed,  a  reddish-brown  precipitate  of  silver  ferri- 
cyanide  is  produced,  which  becomes  permanent  on  the  completion 
of  the  reaction. 

Ammonium  thiocyanate  renders  the  end-reaction  in  the  silver 
process  somewhat  obscure ;  but  this  effect  appears  to  be  due  to 
the  ammonia  and  not  to  the  thiocyanate.  Results  above  the 
truth  are  also  obtained  in  presence  of  ammonium  carbonate,  but 
the  error  may  be  rectified,  as  shown  by  J.  S.  M* Arthur,  by 
adding  potassium  iodide,  which  forms  silver  iodide,  insoluble  in 
solutions  of  ammoniacal  salts. 

cyanide,  is  capable  of  dissolving  gold.  Further,  soda  used  in  large  excess 
partially  decomposes  zinc  cyanide  and  potassio-zinc  cyanide,  with  formation  of 
sodium  zincate,  ZnNa20.2,  and  sodium  cyanide.  This  reaction  is  found 
to  occur  in  actual  practice,  an  addition  of  alkali  renovating  cyanide  solutions 
the  solvent  action  of  which  approaches  exhaustion  (W.  R.  Feldtmann. 
Jour.  Cliem.  Soc.  Ind.,  1894,  p.  952). 
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With  the  iodine  process,  good  results  are  obtained  in  presence 
of  ammonium  thiocyanate.1 

W.  Bettel  (Ohem.  News,  Ixxii.  286,  298)  has  published  the 
following  ingenious  series  of  processes  for  the  analysis  of  cyanide 
liquors.  Some  of  his  methods,  however,  require  verification 
before  the  results  yielded  can  be  fully  accepted  as  accurate. 

a.  Fifty  c.c.  of  the  solution  is  titrated  with  silver  nitrate  to 
faint  opalescence  or  first  indication  of  a  flocculent   precipitate. 
If  sufficient  ferrocyanide  be  present  to  form  a  flocculent  precipi- 
tate  of  zinc  ferrocyanide,  the  result  represents  the  uncombined 
potassium    cyanide,  plus  cyanide   equal  to  7 '9  per  cent,  of  the 
potassium  zinc  cyanide  present,     b.  Fifty  c.c.  of  the  solution  is 
treated  with  solution  of  sodium  bicarbonate,  free  from  monocar- 
bonate  or  excess  of  carbonic  acid,  and  then  titrated  with  silver 
nitrate  to  turbidity.     The  result,  less  that  obtained  in  a,  repre- 
sents the  free  hydrocyanic  acid.     c.  Fifty  c.c.  of  the  solution  is 
treated  with  excess  of  normal  caustic  soda  and  a  few  drops  of  a 
10  per  cent,  solution  of  potassium  iodide.     Titration  with  silver 
nitrate  to  opalescence,  less  the  volume  required  in  a  and  b,  repre- 
sents the  potassium  zinc  cyanide  in  terms  of  potassium  cyanide, 
less  7 '9  per  cent.     Bettel  adds: — "A  correction  is  here  intro- 
duced.    The  KCy  found  in  c  is  calculated  to  K.2ZnCy4.     Factor  : 
KCy  (as  K2ZnCy4)x  0'9493  =  K2ZnCy4.     Add   to  this  7'9  per 
cent,  of  total,  or  for  every  92*1  parts  of  K2ZnCy4  add  7*9  parts. 
If  this  fraction,  calculated  back  to  KCy,  be  deducted  from  a,  we 
get  the  true  free  cyanide  (calculated  to  KCy)."     (See  page  430.) 
Bettel  determines  ferrocyanides  and  sulphocyanides  by  running 
the  cyanide  solution  into  a  strongly  acidulated  solution  of  ~  potas- 
sium permanganate  till  the  colour  is  just  discharged.     The  ferro- 
cyanide   is    oxidised    to  ferricyanide,  and  the  sulphocyanide    to 
hydrocyanic  and    sulphuric  acids.     If  then  a  solution  of   ferric 
chloride   be  acidified  with    sulphuric  acid,   and   50   c.c.    of   the 
cyanide  liquor   poured    in,    the    ferrocyanide    is    precipitated   as 
prussian  blue.     After  agitating  the  liquid  it  is  filtered,  and  the 
filtrate  titrated  with  permanganate  as  before.     The  result  repre- 
sents the  sulphocyanide  present,  and  the  difference  between  the 
two  the  permanganate  required  to  oxidise  the  ferrocyanide.     One 
c.c.   of  ^5   permanganate  oxidises  0'0036S4   of  potassium  ferro- 
cyanide, or  0*0001618  gramme  of  potassium  sulphocyanide.     In 
treating  spent  tailings,  or  material  containing  decaying  vegetable 
matter,  the  liquid  should  be  previously  clarified  by  agitating  it 

1  J.  S.  C.  W  e  1 1  s  (Jour.  Soc.  Chem.  Ind.,  1896,  p.  116)  states  that  the 
silver  method,  in  presence  of  free  caustic  alkali,  indicates  the  total  cyanide 
present,  and  not  simply  that  existing  as  cyanide  of  alkali-metal. 
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with  slaked  lime.  The  filtered  solution  has  only  a  faint  straw 
colour,  and  is  practically  free  from  oxidisable  organic  matter. 

Eettel  determines  ferricyanides  by  allowing  sodium  amalgam  to 
act  for  fifteen  minutes  on  the  solution  contained  in  a  narrow 
cylinder,  and  then  determines  the  ferrocyanide  formed  by  titrating 
in  an  acid  solution  with  standard  permanganate.  After  deducting 
the  volume  previously  found  necessary  for  the  oxidation  of  the 
ferrocyanide  and  sulphocyanide,  each  1  c.c.  of  ^  permanganate 
represents  0*003293  gramme  of  potassium  ferricyanide. 

DETERMINATION  OF  THE  METALS  IN  CYANIDES. 

The  determination  of  metals  existing  in  the  form  or  in  presence 
of  simple  and  double  cyanides  may  be  effected  by  the  following 
methods: — 

1.  All  cyanogen  compounds  without  exception  (including  ferro- 
cyanides,  ferricyanides,  and  cobalticyanides)  are  completely  decom- 
posed, and  the  metals  converted  into  sulphates  or  oxides,  as  the 
•case  may  be,  by  treatment  in  platinum  with  a  mixture  of  three 
parts  of  concentrated  sulphuric  acid  and  one  part  of  water.     On 
heating  the  mixture  till  nearly  all  the  sulphuric  acid  is  expelled, 
the  residual  mass  will  be  obtained  free  from  cyanogen.     It  may  be 
dissolved  in  water    or  acid,  and  the  metals  determined  by  the 
usual  methods.     The  process  is  not  adapted  for  the  analysis  of 
mercuric  cyanide,  as  some  of  the  metal  is  volatilised.     (When  solid, 
mercuric  cyanide  may  be  ignited  with  soda-lime,  and  the  volatilised 
mercury  collected  and  weighed.) 

2.  From  solutions  containing  the  cyanide  of  mercury,  silver,  or 
cadmium,  the  heavy  metal  may  be  precipitated  by  passing  sul- 
phuretted hydrogen,  and  the  same  process  is  applicable  to  solu- 
tions of  zinc,  if  sodium  or  potassium  sulphide  be  substituted  for 
the  sulphuretted  hydrogen.     Nickel,  manganese,  and  copper  are 
not  precipitated. 

The  following  method  has  been  largely  employed  by  the  author 
for  the  determination  of  the  metallic  silver  in  electro-plating 
liquors. 

A  definite  measure  of  the  sample  liquid  is  largely  diluted  with 
water,  and  the  whole  raised  to  the  boiling  point.  Sulphuretted 
hydrogen  is  passed  through  the  liquid,  or  ammonium  sulphide 
gradually  added.  The  silver  falls  as  a  black  sulphide,  which  is 
liable  to  be  contaminated  with  copper  and  zinc.  The  washed 
precipitate  is  rinsed  off  the  filter  into  a  flask  or  beaker,  and 
treated  with  excess  of  bromine-water,  which  converts  it  rapidly 
and  completely  into  argentic  bromide.  If  any  sulphur  appears  to 
have  separated,  a  drop  of  bromine  should  be  added  to  the  residue 
50  as  to  ensure  complete  oxidation.  Boiling  water  is  now  added, 
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and  the  silver  bromide  is  washed,  dried,  fused,  and  weighed.     188 
parts  by  weight  of  the  precipitate  represent  108  of  metallic  silver, 

3.  For  the  determination  of  the  precious  metal  contained  in  the 
solution  of  the  double  cyanide  of  gold  and  potassium  used  for 
electro-gilding ,  the  author  has  found  the  following  method  very 
satisfactory: — A    measured   quantity   of    the  gilding   solution    is 
introduced  into  a  porcelain  crucible  and  cautiously  concentrated  ; 
when  in  a  syrupy  condition,  a  few  grammes  of  pure  red-lead  or 
litharge  should  be  added,  and  the  evaporation  continued  to  com- 
plete dryness.     There  is  little  or  no  tendency  to  spitting.     The 
crucible  containing  the  residue  is  covered  and  raised  for  a  short 
time  to  a  moderate  red  heat.     The  lead  oxide  is  reduced  by  the 
cyanide  present,  with  production  of  metallic  lead  and  cyanate,  and 
the  reduced  metal  unites  with  the  gold.     The  resultant  button  of 
metal  is  separated  from  the  slag,  and  the  gold  contained  in  the  alloy 
isolated  either  by  cupellation  or  by  treatment  with  pure  nitric  acid. 

Electro-silvering  solutions  may  be  assayed  in  a  precisely  similar 
manner,  but  in  this  case  treatment  of  the  rich  lead  with  nitric 
acid  is  inadmissible  and  cupellation  must  be  resorted  to. 

The  amount  of  precious  metal  found  in  an  electro-depositing 
liquid  is  commonly  reported  in  troy  ounces,  pennyweights,  and 
grains  per  pint  of  solution. 

4.  The  determination  of  the  zinc  in  the  liquors  produced  in  the 
cyanide  process  of  treating  gold  ores  may  be  effected  as  described 
on  page  439. 

Hydrogen  Cyanide.  Hydrocyanic  Acid.  Prussic 
Acid. 

HCy;  i.e.,  H.C=N 

Hydrocyanic  acid  does  not  appear  to  occur  ready-formed  in 
nature,  but  it  is  produced  by  the  action  of  a  peculiar  ferment  on 
amygdalin,  a  glucoside  occurring  in  many  plants.  Hydro- 
cyanic acid  is  also  produced  in  many  organic  reactions,  and  is 
formed  by  the  direct  union  of  hydrogen  and  cyanogen  under  the 
influence  of  the  silent  electric  discharge.  It  is  further  formed 
by  the  action  of  the  arc-discharge  or  of  a  series  of  electric  sparks 
on  a  mixture  of  acetylene  and  nitrogen. 

ANHYDROUS  HYDROCYANIC  ACID  is  an  intensely  poisonous,  very 
volatile  liquid,  boiling  at  26'5°  C.,  and  miscible  in  all  proportions 
with  water,  alcohol,  and  ether.  It  is  obtained  by  passing  dry 
sulphuretted  hydrogen  gas  over  dry  mercuric  cyanide  heated  to 
about  30°  C.  It  may  also  be  prepared  by  heating  a  mixture  of 
mercuric  cyanide  and  ammonium  chloride  with  strong  hydrochloric 
acid,  and  passing  the  gas  evolved  over  fragments  of  marble  and 
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calcium  chloride,  and  then  through  a  tube  surrounded  by  a  freezing 
mixture.  The  preparation  of  anhydrous  hydrocyanic  acid  is 
extremely  dangerous,  and  should  be  conducted  in  the  open  air. 

HYDROUS  HYDROCYANIC  ACID  is  most  conveniently  prepared  by 
"\V  ohler/ s  process,  which  consists  in  distilling  potassium  ferro- 
cyanide  with  dilute  sulphuric  acid,  when  the  following  reaction 
occurs:— 2K4FeCy6+  6H?S04  =  Fe"K2FeCy6+  6KHS04+  GHCy.1 

Dilute  hydrocyanic  acid  of  the  strength  required  for  medicinal 
use  may  be  conveniently  prepared  by  decomposing  silver  cyanide 
with  an  equivalent  amount  of  dilute  hydrochloric  acid.  5  c.c.  of 
hydrochloric  acid  of  1*163  specific  gravity  should  be  mixed  with 
55  c.c.  of  distilled  water,  and  the  liquid  shaken  in  a  stoppered 
bottle  with  6  grammes  of  silver  cyanide.  The  precipitate  is 
allowed  to  subside,  and  the  clear  liquid  poured  off.  The  hydro- 
cyanic acid  of  the  French  Codex  and  United  States  Pharmacopoeia 
is  prepared  in  this  way.  Another  very  convenient  plan  is  to 
decompose  the  double  cyanide  of  potassium  and  zinc  (a  very 
stable  salt)  with  tartaric  acid.  22  grains  of  the  double  cyanide, 
K2ZnCy4,  and  49  grains  of  tartaric  acid  dissolved  in  an  ounce  of 
water,  will  yield,  on  filtration  or  decantation  from  the  precipitate, 
a  liquid  containing  2  per  cent,  of  HCy.  Or  9  grammes  of  tartaric 
acid  maybe  dissolved  in  93  c.c.  of  water,  transferred  to  a  stoppered 
flask  and  4  grammes  of  potassium  cyanide  added.  The  liquid  is 
then  well  agitated,  and  decanted  when  the  precipitate  has  subsided. 

Any  of  these  processes  will  give  a  product  containing  2  per  cent, 
of  real  hydrocyanic  acid.  This  is  the  strength  of  the  acid  of  the 
Pharmacopoeias  of  Britain,  the  United  States,  Germany,  ISTorway,2 
and  Switzerland.  The  hydrocyanic  acid  of  the  London  Pharma- 
copoeia was  of  the  same  strength,  but  the  preparations  of  the  Edin- 
burgh and  Dublin  Pharmacopoeias  contained  3' 3  per  cent,  of  real 
acid.  "Scheele's  acid"  is  said  to  have  a  strength  of  about  5 
per  cent. 

The  strength  of  the  hydrocyanic  acid  met  with  in  commerce 

1  Seven  parts  by  weight  of  strong  sulphuric  acid  should  be  mixed  with 
14  parts  of  water.     When  the  liquid  is  thoroughly  cold,  it  is  poured  upon 
10  parts  of  coarsely-powdered  potassium  ferrocyanide  contained  in  a  capacious 
flask,  connected  with  an  efficient  condensing  arrangement  terminating  in  an 
adapter  dipping  below  the  surface  of  distilled  water.     If  the  condenser  be 
inverted,  and  the  vapours  dried  by  passing  through  a  series  of  tubes  filled 
with  calcium  chloride  and  surrounded  with  water  kept  at  about  30°  C., 
anhydrous  hydrocyanic  acid  may  be  obtained,  and  can  be  condensed  by  a 
freezing  mixture. 

2  The  acid  of  the  Norwegian  Pharmacopoeia  receives  an  addition  of  O'l  per 
cent,  of  strong  sulphuric  acid,  as  a  preservative. 


444  COMMERCIAL  HYDROCYANIC   ACID. 

varies  to  a  serious  extent.  Thus  Woodman  and  Tidy  found 
sixteen  samples,  sold  in  one  neighbourhood  as  the  B.P.  acid,  to 
contain  amounts  of  real  hydrocyanic  acid  ranging  from  0*6  to 
3'2  per  cent.  A.  Leys  (Pharm.  Jour.,  [3],  xx.  824)  found  nine 
specimens  of  so-called  B.P.  acid  to  range  in  strength  from  1'92  to 
0'94  per  cent.,  while  the  strength  of  twelve  specimens  of  Scheele's 
acid  examined  by  E.  Wright  (Pkarm.  Jour. ,[3],  xx.  376)  varied 
from  3*6  to  5*7  per  cent,  of  real  hydrocyanic  acid. 

The  strength  of  hydrocyanic  acid  and  preparations  containing  it 
can  be  readily  ascertained  by  one  of  the  modifications  of  the  silver 
process  described  on  page  431,  et  seq. 

Even  when  only  of  2  per  cent,  strength,  hydrocyanic  acid  is 
very  unstable,  being  liable  to  turn  brown,  especially  if  exposed  to 
light,  with  formation  of  paracyanogen,  formic  acid,  and  other 
products.  A  production  of  urea  has  been  observed.  Sometimes  a 
solid  mass  results  from  the  decomposition  of  the  acid. 

According  to  Lescoeur  arid  Rigaut  (Compt.  Rend..,  Ixxxiv. 
310),  pure  hydrocyanic  acid  may  be  preserved,  even  when  anhy- 
drous, for  any  length  of  time  without  alteration ;  but  on  addition 
of  a  small  fragment  of  potassium  cyanide  the  liquid  acquires  a 
brown  colour,  and  in  the  course  of  a  few  days  solidifies  to  a  black 
amorphous  mass  called  "  azulmin." 

Samples  of  hydrocyanic  acid  containing  traces  of  mineral  acid 
are  said  to  keep  better  than  perfectly  pure  specimens,  but  the 
truth  of  this  statement  is  doubtful. 

Very  weak  hydrocyanic  acid,  containing  O'l  or  0'2  per  cent,  of 
HCy,  is  much  more  permanent  than  the  stronger  kinds,  and  can  be 
kept  with  practically  little  change.  An  acid  of  such  a  strength 
is  an  official  preparation  in  the  German  Pharmacopoeia.  The  late 
John  Williams  observed  that  hydrocyanic  acid,  even  when  of 
considerable  strength,  could  be  kept  fairly  well  if  20  per  cent,  of 
glycerin  were  added  to  it.  Thus  a  sample  containing  37 J  per 
cent,  of  HCy,  37 J  of  water,  and  25  per  cent,  of  glycerin  kept 
without  change  for  a  period  of  four  years. 

Dilute  hydrocyanic  acid  is  a  colourless  liquid  having  an  almond- 
like  odour  and  peculiar  bitter  taste,  both  which  characters  should 
be  observed  with  the  greatest  caution,  as  the  acid  is  extremely 
poisonous.  When  boiled,  a  solution  of  hydrocyanic  acid  evolves  the 
gas,  which  burns  when  kindled  with  a  beautiful  violet  flame. 

When  boiled  with  concentrated  alkalies  or  mineral  acids, 
hydrocyanic  acid  suffers  hydrolysis  with  formation  of  ammonia 
and  formic  acid:— H.CN  +  2(H.OH)  =  H3N  +  H.CO.OH  .  Con- 
versely, hydrocyanic  acid  and  water  are  formed  when  ammonium 
formate  is  quickly  heated. 
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GALENICAL  PREPARATIONS  OF  HYDROCYANIC  ACID. 

Hydrocyanic  acid  does  not  appear  to  exist  ready-formed  in  the 
plants  yielding  it,1  but  is  produced  by  the  action  of  a  peculiar  fer- 
ment called  em ul sin  on  the  glucoside  amygdalin,  C20H27NOn,2 
which,  under  its  influence  and  in  presence  of  water,  splits  up  with 
formation  of  glucose,  benzoic  aldehyde,  and  hydrocyanic 
acid.  (Compare  page  90  of  this  part,  and  page  19  of  Part  I.) 

Theoretically,  100  parts  of  amygdalin  should  yield  5'91  of  prussic 
acid,  and  the  practical  results  are  not  far  removed  from  this  propor- 
tion. The  following  are  the  usual  proportions  of  amygdalin  contained 
in,  and  of  prussic  acid  obtainable  from,  various  natural  sources2 : — 

Amygdalin  contained  Yield  of  HCN. 

Bitter-almond  pulp,     .         .         .     4|  per  cent.  *25  per  cent. 

Cherry-stone  kernels,  .         .         .3         ,,  '17 


Wild  Service  kernels, 


flower,  root,  and  bark,  1 


•08 
•06 
•017 
•027 


Sweet  Cassava  root,2    .         .         .  *0'3 
Bitter  Cassava  root,2    .         .         .     0'45 

To  the  presence  of  hydrocyanic  acid  the  poisonous  properties  of 
the  essence  of  cherry-kernels,  bitter-almond  water  (and  the  crude 
oil),  and  laurel-water  are  due.  Good  KirscJucasser  sometimes  con- 
tains upwards  of  1  grain  of  prussic  acid  to  the  pint,  and  inferior 
specimens  often  four  times  as  much. 

The  following  are  the  usual  proportions  of  real  hydrocyanic  acid 
present  in  certain  preparations  containing  it : — 

Crude  bitter-almond  oil,  .         .        .        .     8  to  15  per  cent. 
Bitter-almond  water,         .         .         .         .     £  to    1         ,, 

Cherry-laurel  oil, 2  to    3        ,, 

Cherry-laurel  water,          .         .         .         •     i  to    |_        ,, 
Cluster  cherry  oil,    .         .         .         .  9  to  10        ,, 

1  The  roots  of  both  sweet  and  bitter  cassava  are  stated  to  contain  ready - 
formed  hydrocyanic  acid. 

2  Amydalin  has  been  found  in  the  seeds,  leaves,  flowers,  and  in  some  cases 
in  the  bark,  of  most  species  of  the  sub-orders  Amydalece  and  Pomece  (order, 
Rosacece),  including  the   apple,  pear,  quince,  sloe,  bullace,  plum,  damson, 
almond,  peach,  nectarine,  apricot,  cherry,  hawthorn,  mountain  ash,  etc. 

Although  in  medico-legal  investigations  the  possible  introduction  of 
hydrocyanic  acid  into  the  body  from  natural  sources  should  not  be  overlooked, 
the  importance  of  such  sources  of  error  is  generally  much  over-rated.  In  the 
trial  of  Tawell  (1845)  for  murdering  Sarah  Hart,  an  expert  was  pressed,  in  the 
witness-box,  to  say  whether  apple-pips  did  not  contain  prussic  acid,  and,  if 
so,  whether  the  fact  of  their  having  been  found  in  the  stomach  of  the  deceased 
might  not  account  for  her  death.  After  expressing  his  inability  to  state  the 
exact  amount  of  prussic  acid  obtainable  from  apple-pips,  and  being  encouraged 
to  express  his  opinion  as  to  the  quantity  of  pips  requisite  to  yield  a  fatal 
dose  of  the  poison,  he  caused  the  collapse  of  Fitzroy  Kelly,  the  prisoner's 
counsel,  by  opining  that  "about  a  peck"  might  suffice. 
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Leger  (Pliarm.  Jour.,  [3],  iii.  971)  found  the  proportion  of 
hydrocyanic  acid  to  vary  considerably  in  laurel-water  prepared  in 
a  similar  manner  from  leaves  gathered  at  different  seasons,  the 
extreme  figures  being  0044  and  0'125  gramme  in  the  1500 
grammes  of  distillate  obtained  from  1000  grammes  of  leaves. 
These  results  show  a  far  smaller  proportion  of  hydrocyanic  acid 
than  those  previously  reported. 

Perinelle  found  that  cherry-laurel  water  prepared  in  May 
contained  only  0'039  per  cent,  of  hydrocyanic  acid,  while  that 
made  in  November  contained  0'134  per  cent. 

In  the  case  of  all  these  liquids,  the  proportion  of  hydrocyanic 
acid,  and,  consequently,  the  poisonous  effects,  become  greatly 
diminished  by  long  keeping.  The  oils  may  be  assayed  for  hydro- 
cyanic acid  by  the  methods  described  under  "benzoic  aldehyde" 
(Part  i.  page  20),  and  the  aqueous  liquids  as  described  on 
page  431  (of  this  part).  * 

In  order  to  avoid  the  uncertainty  which  attends  the  use  of 
bitter-almond  water,  cherry-laurel  water,  and  other  preparations 
containing  hydrocyanic  acid,  Hermes  has  proposed  to  substitute 
chloral  cyanhydrate,  CC13.CH(OH).CN.  This  compound 
forms  a  crystalline  powder,  readily  soluble  in  water,  alcohol,  and 
ether.  It  volatilises  somewhat  in  a  current  of  steam,  but  is  split 
up  by  the  treatment  into  chloral  and  hydrocyanic  acid.  Alkalies 
also  decompose  it  with  formation  of  a  cyanide.  Chloral  cyan- 
hydrate  is  very  stable,  and  aqueous  solutions  remain  for  a  long 
time  unaltered.  It  has  been  ascertained  to  exercise  the  same 
physiological  action  as  pure  hydrocyanic  acid. 

TOXICOLOGY  OF  HYDROCYANIC  ACID. 

Hydrocyanic  acid,  in  any  form,  and  however  administered,  is 
an  intensely  active  poison  to  every  animal,  with  the  exception  of 
the  frog.1  When  swallowed,  injected,  inhaled,  and  sometimes 
even  when  merely  applied  to  the  sound  skin,  and,  according  to 
N.  Grehant,  when  applied  to  .the  mucous  membrane  of  the  eye, 
its  action  is  energetic.  An  internal  dose  of  three  to  four  grains 
of  real  hydrocyanic  acid  is  generally  fatal  to  the  human  subject, 
and  less  than  1  grain  has  been  known  to  cause  death. 

Chlorine  and  ammonia  appear  to  act  as  antidotes  in  cases  of 
prussic  acid  poisoning,  but  their  mode  of  action  is  obscure,  since 
the  presumed  products  of  their  action,  namely  cyanogen  chloride 
and  ammonium  cyanide,  are  as  poisonous  as  hydrocyanic  acid 
itself. 

1  According  to  W.  H.  Broad  ben  t  (Pharm.  Jour.,  [3J,  xxi.  136)  the  frog 
becomes  gradually  narcotised  by  the  inhalation  of  hydrocyanic  acid  gas,  but 
recovers  when  brought  into  the  open  air. 
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The  detection  of  hydrocyanic  acid  in  the  body  is  rendered 
difficult  by  the  great  facility  with  which  the  acid  decomposes.1 

On  opening  the  stomach  and  intestines  the  odour  of  hydrocyanic 
acid  is  often  perceptible.  These  viscera  are  often  quite  natural 
in  appearance,  but  sometimes  more  or  less  inflamed  and  congested. 
The  lungs,  liver,  spleen,  and  kidneys  are  always  found  gorged 
with  blood.  The  venous  system  is  invariably  gorged  with  blood, 
the  arteries  being  empty.  The  blood  has  undergone  change ;  it 
may  be  black  or  oily,  or  of  a  cochineal-red  colour.  It  often  smells 
of  the  poison,  which  may  frequently  be  distilled  from  it. 

To  detect  hydrocyanic  acid  in  the  contents  of  a  stomach  the 
analyst  should  proceed  as  follows : — 

Note  the  reaction  of  the  liquid  portion.  If  not  distinctly 
alkaline  to  litmus,  the  poison  (if  present)  was  probably  adminis- 
tered as  free  hydrocyanic  acid,  and  not  as  cyanide  of  potassium. 
(The  various  double  cyanides  used  for  electro-deposition  of  metals 
have  a  neutral  reaction  in  the  absence  of  excess  of  potassium 
cyanide.) 

Stir  up  the  stomach  and  its  contents  with  cold  water,  and 
introduce  the  thick  liquid  into  a  flask  adapted  to  a  Liebig's 
condenser,  allowing  the  end  of  the  condensing  tube  to  be  im- 
mersed in  a  small  quantity  of  water.  Apply  a  moderate  heat  to 
the  flask  (best  by  an  external  bath  of  salt  water),  and  distil  over 
about  half  the  liquid.  To  the  distillate  apply  carefully  tests  2,  3, 
and  4  on  pages  428,  429.  It  is  preferable  to  avoid  any  addition 
of  acid  to  the  liquid  to  be  examined,  as  the  saliva  contains  traces 
of  thiocyanates  (sulphocyanides),  which  might  possibly  yield  traces 
of  hydrocyanic  acid  on  distillation  with  a  mineral  acid.  If  the 
distillate  has  given  negative  results  when  tested  for  prussic  acid, 
continue  the  distillation  after  rendering  the  contents  of  the  flask 
distinctly  acid  with  tartaric  acid.  If  hydrocyanic  acid  be  now 
found  in  the  distillate,  the  poison  must  have  been  present  as 
a  readily  decomposable  cyanide..  As  a  preliminary  test,  A. 
Seyda  recommends  the  guaiacum-copper  reaction  (page  430). 
If  the  distillate  gives  no  indication  of  hydrocyanic  acid  by  this 
test,  he  considers  it  useless  to  proceed  further.  But  if  an 

1  Reichart  mentions  a  case  in  which  he  succeeded  in  detecting  hydro- 
cyanic acid  two  months  after  death.  He  obtained  no  definite  results  from 
the  urine  in  this  case,  but  the  distillate  from  the  organs  previously  acidulated 
with  tartaric  acid  yielded  affirmative  results  both  by  the  guaiacum  and  the 
prussian-blue  tests. 

C.  Bischoff  (Ber.,  xvi.  1337  ;  abst.  Jour.  Chem.  Soc.,  1883,  page  1022) 
has  published  a  number  of  results  showing  the  capability  of  absorption  of 
hydrocyanic  acid  by  various  organs  of  the  body. 
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affirmative  result  is  obtained,  other  tests  should  be  employed. 
If  only  a  small  quantity  of  hydrocyanic  acid  be  present  in  the 
distillate,  it  is  most  conveniently  detected  by  precipitating  it  by 
silver  nitrate,  and  applying  the  iron  and  sulphur  tests  to  the 
precipitate  (page  428). 

Before  finally  concluding  that  all  metallic  cyanides  are  absent, 
it  is  desirable  to  repeat  the  distillation  after  adding  a  considerable 
excess  of  moderately  dilute  sulphuric  and  hydrochloric  acids. 
Ferrocyanides,  ferricyanides,  and  mercuric  cyanide  will  in  this 
case  be  decomposed.  Hence  the  absence  of  ready-formed  ferro- 
cyanides  or  ferricyanides  should  be  previously  ascertained  by  testing 
portions  of  the  acidulated  contents  of  the  stomach  with  solutions 
of  ferric  and  ferrous  salts. 

H.  Beckurts  (Cheni.  News,  xlviii.  199),  W.  J.  Taylor 
(Chem.  News,  1.  227),  and  W.  Autenreith  (Arch.  Pharm., 
ccxxxi.  99)  have  pointed  out  that  potassium  ferrocyanide  is  less 
stable  in  presence  of  dilute  acids  than  is  generally  supposed. 
Carbon  dioxide  at  74°  liberates  hydrocyanic  acid  from  it,  with 
precipitation  of  potassium  ferrous  ferrocyanide,  K2Fe2Cfy,  and 
casein,  peptone,  and  artificial  digestive  fluid  exercise  a  similar 
action  at  40°  C.  Autenreith  considers,  therefore,  that  the  only 
certain  way  to  detect  hydrocyanic  acid  or  simple  cyanides  in 
presence  of  ferrocyanides  is  by  Jacquemin's  process.  He  distils 
the  material  with  a  considerable  amount  of  sodium  bicarbonate, 
and  examines  the  distillate  for  hydrocyanic  acid.  If  the  presence 
of  mercuric  cyanide  be  suspected,  sulphuretted  hydrogen  water 
must  be  also  added,  as  the  bicarbonate  does  not  itself  decompose 
mercuric  cyanide.  Or  mercuric  cyanide  may  be  decomposed  by 
adding  a  few  bright  strips  of  zinc  to  the  liquid  before  commencing 
the  distillation.  Ferricyanides,  thiocyanates,  sulphates,  and  am- 
monium salts  do  not  interfere  with  the  process. 

Mercuric  cyanide  may  be  decomposed  by  distillation  with 
hydrochloric  acid.  P.  Plugge  recommends  a  mixture  of  sodium 
chloride  and  oxalic  acid  for  the  purpose,  while  S.  Lopes  (abst, 
Jour.  Chem.  Soc.,  1893,  ii.  502)  suggests  that,  after  testing  for 
other  simple  cyanides,  mercuric  cyanide  should  be  sought  for  by 
distillation  with  sodium  bicarbonate,  by  acidulating  the  mixture 
with  tartaric  acid,  adding  ammonium  chloride  in  excess,  and  again 
distilling.  A  double  chloride  of  mercury  and  ammonium  is  said 
to  be  formed,  and  hydrocyanic  acid  distils  with  the  steam.  To 
test  for  cyanides  in  presence  of  ferrocyanides,  Lopes  heats  the 
substance  to  100°  with  milk  of  lime,  in  order  to  decompose 
ammonium  salts,  which,  if  present,  may  react  with  the  ferro- 
cyanide to  form  volatile  ammonium  cyanide.  When  all  the 
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ammonia  has  been  driven  off,  the  solution  is  filtered  and  distilled 
with  excess  of  sodium  bicarbonate,  as  recommended  by  Autenreith. 

Barfoed's  process  for  the  detection  of  hydrocyanic  acid  and 
poisonous  cyanides  in  presence  of  ferrocyanides  is  based  on  the 
fact  that  ether  extracts  hydrocyanic  acid,  but  not  hydroferrocyanic 
acid,  from  an  aqueous  liquid.  Hence  the  material  to  be  tested  is 
acidulated  with  tartaric  acid,  and  shaken  several  times  with  an 
equal  volume  of  ether.  The  united  ethereal  extracts  are  agitated 
with  dilute  solution  of  soda,  which  is  separated  and  tested  for 
hydrocyanic  acid  in  the  usual  manner. 

A.  V  o  g  e  1  has  proposed  the  reduction  of  picric  acid  to  picramic 
acid  as  a  test  for  hydrocyanic  acid.  The  reaction  is  very  delicate, 
but  as  it  is  produced  by  a  great  many  other  reducing  substances, 
its  value  is  limited. 

G.  Portmann  (Jour.  Soc.  Chem.  Ind.,  v.  679)  gives  the  following 
test  for  the  detection  of  minute  quantities  of  hydrocyanic  acid. 
It  is  based  on  the  formation  of  a  nitroprusside  by  the  action  of 
a  metallic  nitrite  on  potassium  cyanide  in  presence  of  a  ferrous 
salt.  The  liquid  to  be  tested  is  treated  with  a  few  drops  of  a 
solution  of  potassium  nitrite,  two  or  three  drops  of  ferrous 
sulphate  solution,  and  enough  dilute  sulphuric  acid  added  to  cause 
the  yellow-brown  colour  of  the  basic  ferric  salt  to  become  a  light 
yellow.  The  liquid  is  then  boiled,  cooled,  the  excess  of  iron 
precipitated  with  ammonia,  and  the  solution  filtered.  A  few 
drops  of  freshly  prepared  ammonium  sulphide  are  added,  when, 
if  any  hydrocyanic  acid  were  present  in  the  original  liquid,  a 
violet  coloration  immediately  appears,  which  changes  rapidly 
through  blue  and  green  to  a  yellow  colour.  Very  minute  traces 
of  hydrocyanic  acid  produce  a  bluish-green  colour,  rapidly  chang- 
ing to  greenish-yellow.  Portmann  estimates  the  delicacy  of  this 
test  at  O'OOOOS  gramme  hydrocyanic  acid  dissolved  in  10  c.c.  of 
water  (1  :  31 2,000). 

One  of  the  main  causes  of  the  disappearance  of  hydrocyanic 
acid  in  the  dead  body  is  its  reaction  with  ammonium  sulphide, 
and  probably  with  other  sulphuretted  bodies  produced  by  putrefac- 
tion, whereby  thiocyanates  (sulphocyanides)  are  formed.  There- 
fore, where  hydrocyanic  acid  is  to  be  sought  for  a  considerable 
time  after  death,  it  may  sometimes  be  detected  by  rendering  the 
materials  distinctly,  but  not  excessively,  alkaline  with  caustic 
potash,  and  then  adding  excess  of  alcohol.  The  liquid  is  filtered, 
and  evaporated  to  dryness.  The  residue  is  redissolved  in  water, 
acidulated  with  hydrochloric  acid,  and  ferric  chloride  added,  when 
a  red  colour  will  be  produced  if  a  thiocyanate  were  present  in  the 
stomach. 

VOL.  III.  PART  III.  2  F 


450  MANUFACTURE  OF  CYANIDES. 

In  applying  this  test  it  must  not  be  overlooked  that  thiocyanates 
are  normally  present  in  the  saliva.  Hence  they  exist  in  traces 
in  the  stomach,  arid  can  be  detected  therein  by  ferric  chloride. 
The  presence  of  thiocyanates  is  a  source  of  error  in  Uffelmann's 
reaction  for  lactic  acid  in  gastric  juice  (page  419). 

A  mixture  of  solution  of  ferrous  sulphate  with  alkali  is  some- 
times given  as  an  antidote  in  cases  of  poisoning  by  prussic  acid. 
In  such  cases,  prussian  blue  will  be  formed  on  acidulating  the 
contents  of  the  stomach  with  hydrochloric  acid. 

Metallic  Cyanides. 

The  simple  metallic  cyanides  are  typified  by  potassium  cyanide. 
Much  ingenuity  has  recently  been  exercised  with  a  view  to  their 
economical  production,  since  their  application  in  the  metallurgy  of 
gold  has  enormously  increased  the  demand  during  the  last  few  years, 
and  has  given  a  great  impetus  to  invention.  Hence,  numerous 
patents  have  been  obtained  with  a  view  of  manufacturing 
cyanides  by  cheaper  and  simpler  processes  than  those  which 
sufficed  when  the  demand  was  comparatively  small.1 

1  Numerous  attempts  hare  been  made  to  manufacture  metallic  cyanides 
synthetically,  without  the  use  of  animal  refuse  as  raw  material.  These 
processes  may  be  classed  as  (1)  those  in  which  ammonia  was  the  source  of 
nitrogen  (these  being  similar  in  principle  to  the  old  prussiate  process)  ;  (2) 
methods  in  which  it  was  sought  to  utilise  atmospheric  nitrogen  ;  and  (3) 
processes  based  on  the  desulphurisation  of  sulphocyanides. 

According  to  the  process  of  Hood  and  Salamon  (Eng.  Patent,  No.  5354, 
1891),  ammonia,  carbon  disulphide,  and  washed  Weldon  mud  (calcium 
manganite)  are  heated  together  in  closed  vessels  to  100°  or  somewhat  higher, 
whereby  manganese  sulphocyanide  and  sulphide,  free  sulphur,  and  water  are 
formed.  Slaked  lime  or  other  base  may  be  added  in  quantity  sufficient  to 
react  with  the  sulphocyanide,  when  on  washing  the  resultant  mass  calcium 
sulphocyanide  goes  into  solution,  while  manganese  sulphide  and  sulphur 
remain  undissolved  and  may  be  revivified  by  exposure  to  air.  In  the 
modified  process  of  Growth er  and  Rossiter  (Eng.  Patent,  No.  17,845, 
1893),  calcium  sulphocyanide  is  obtained  by  digesting  carbon  disulphide 
with  ammonia  and  lime  in  quantities  slightly  in  excess  of  those  required  by 
the  reaction:  — 2CS2  +  2NH3  +  2CaH202=Ca(SCN)2+CaH.2So  +  4H.20.  The 
product  is  treated  with  a  current  of  carbon  dioxide  (preferably  lime-kiln  gases), 
as  in  Chance's  sulphur-recovery  process,  whereby  sulphuretted  hydrogen  is 
evolved  (and  may  be  utilised),  calcium  carbonate  is  precipitated,  and 
sulphocyanide  remains  in  solution.  In  this  process,  sulphides  may  be 
substituted  for  hydroxides,  the  reaction  in  the  case  of  barium  sulphide  being : — 
2CS2  +  2NH.3  +  4BaS  =  Ba(SCN)2  +  3BaH2S2.  (N.  B.  —This  reaction  affords  a 
means  of  utilising  the  sulphur  of  barium  sulphate. — A.  H.  A.) 

The  calcium  sulphocyanide  obtained  by  the  above  methods  can  be  converted 
into  the  potassium  salt  by  treatment  with  potassium  sulphate.  The  product 
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POTASSIUM  CYANIDE.     KCy,  i.e.,  K.C=N" 

Potassium  cyanide  is  a  product  of  the  first  commercial  import- 
ance. It  has  long  been  employed  in  the  electro-deposition  of 
metals,  in  photography,  for  cleaning  silver,  &c. 

A  cyanide  always  results  from  the  ignition  of  nitrogenous 
organic  matter  with  caustic  or  carbonated  alkali,  but  until  recently 
almost  the  only  process  for  preparing  potassium  cyanide  which 
has  been  found  commercially  available  has  consisted  in  the  ignition 
of  a  mixture  of  dry  potassium  f  errocyanide  and  potassium  carbonate 
to  dull  redness,  when  the  following  reaction  occurs  : — 

K4FeCy6  +  K2C03  =  KCyO  +  5KCy  +  Fe  +  C02. 

In  order  to  obtain  a  good  yield  or  a  product  of  high  quality 
it  is  essential  to  observe  a  number  of  precautions,  some  of  which 
are  kept  jealously  secret. 

The  product  prepared  by  this  process  always  contains  cyanate, 
and  usually  carbonate.  Sulphide  is  also  present  if  the  alkali 
used  contained  any  sulphate.  By  heating  potassium  ferrocyanide 
alone,  or  by  adding  charcoal  or  sodium  to  the  mixture,  the  forma- 
tion of  cyanate  may  be  avoided.  By  replacing  the  potassium 

is  desulphurised  by  heating  with  metallic  iron,  lead,  or  zinc.  Playfair 
employs  sodium  sulphocyanide  instead  of  the  potassium  salt.  This  he 
desulphurises  in  graphite  vessels  by  melting  it  with  zinc  and  powdered 
carbon  (see  Eng.  Patents,  Nos.  7764  of  1890  and  8669  of  1895). 

The  British  Cyanides  Company,  Limited,  now  manufacture  cyanides  exten- 
sively near  Birmingham  by  the  Hood-Salamon  and  Crowther-Rossiter 
processes.  The  Playfair  patent  is  owned  by  the  same  company,  and  is 
employed  in  conjunction  with  the  above  processes.  Cyanide  of  zinc  is 
employed  for  removing  alkaline  sulphides  from  the  product. 

A  more  recent  process  of  obtaining  cyanides  has  been  proposed  by  H  o  o  d 
and  Salamon  (Eng.  Patent,  21,239,  1893),  who  heat  a  mixture  of  sodium 
carbonate  or  bicarbonate  with  a  reducing  agent  such  as  metallic  zinc,  man- 
ganese, or  lead  in  a  current  of  ammonia,  when  the  following  reaction  takes 
place :— NaC03  +  NH3  +  Zn  =  NaCN  +  NaHO  +  H20  +  ZnO. 

A  better  result  is  obtained  by  passing  carbon  dioxide  gas  together  with 
the  ammonia,  and  by  substituting  a  mixture  of  oxide  of  zinc,  lead,  or 
manganese  with  carbon  for  the  corresponding  metal. 

When  heated  to  redness,  trimethylamine  is  clecomposed  with  formation  of 
ammonium  and  hydrogen  cyanides  and  hydrocarbons.  Upon  this  fact  a 
process  has  been  devised  for  the  manufacture  of  cyanides  from  the  trimethyl- 
amine from  beetroot  molasses,  and  is  said  to  be  in  use  at  the  works  of  the 
Croix  Company. 

The  synthetical  processes  of  manufacturing  cyanides  form  the  subject  of  an 
interesting  paper  by  N.  Caro  (Jour.  Soc.  CJiem.  Ind.,  1896,  p.  33).  J.  T. 
C  o  n  r  o  y  has  recently  published  the  results  of  various  suggestive  experi- 
ments on  the  production  of  cyanides  (Jour.  Soc.  Chem.  Ind.,  1896,  p.  8). 
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carbonate  by  sodium  carbonate,  a  product  containing  a  higher 
percentage  of  cyanogen  is  obtained,  owing  to  the  lower  combining 
weight  of  sodium ;  and  by  substituting  sodium  ferrocyanide  for 
the  potassium  salt,  a  product  is  obtainable  which  contains  cyanogen 
equivalent  to  100  per  cent.,  or  even  more,  of  potassium  cyanide. 
100  per  cent,  potassium  cyanate  is  now  manufactured  by 
Erlenmeyer's  process,  in  which  potassium  ferrocyanide  is  heated 
with  metallic  sodium  : — K4FeCy6 + Na2  =  4KCy  +  2NaCy  -f  Fe. 

Potassium  cyanide  fuses  at  a  low  red  heat  to  a  transparent 
liquid,  which  is  a  most  powerful  reducing  agent,  liberating  tin, 
antimony,  bismuth,  lead,  &c.,  from  their  oxides  and  sulphides, 
with  formation  of  potassium  cyanate  or  thiocyanate.  The  thio- 
cyanate  also  results  from  fusing  the  cyanide  with  free  sulphur  or 
a  thiosulphate  (hyposulphite),  or  by  boiling  the  aqueous  solution 
with  sulphur. 

Potassium  cyanide  seems  to  volatilise  unaltered  at  a  white 
heat.  It  is  frequently  formed  in  considerable  quantity  in  blast- 
furnaces. When  heated  in  the  air  it  forms  cyanate,  and  in 
presence  of  vapour  of  water  potassium  carbonate  and  ammonia 
result. 

By  the  action  of  potassium  permanganate  in  presence  of  caustic 
alkali,  on  a  cold  solution  of  potassium  cyanide,  cyanate  is  formed 
(J.  Volhard,  Annalen,  cclix.  377). 

Cyanide  of  potassium  generally  occurs  in  commerce  in  milk-white 
cakes  or  rods,  but  it  may  be  obtained  in  cubes  by  crystallisation 
from  hot  alcohol.  It  is  very  deliquescent  and  soluble  in  water, 
forming  an  alkaline  and  intensely  poisonous  liquid.  Potassium 
cyanide  may  be  kept  unaltered  in  close  vessels,  but  in  the  air  it 
absorbs  carbonic  acid  with  liberation  of  hydrocyanic  acid.  By 
passing  a  stream  of  carbonic  acid  gas  through  the  aqueous  solu- 
tion the  cyanide  may  be  completely  decomposed.  On  boiling  the 
aqueous  solution,  potassium  formate  and  ammonia  are  gradually 
produced  :—KCN  +  2H20  =  KCH02  +  H3N. 

Potassium  cyanide  unites  with  most  of  the  cyanides  of  the 
heavy  metals  forming  more  or  less  stable  double  cyanides  much 
used  in  electro-metallurgy.  The  methods  of  assaying  and  analys- 
ing these  bodies  have  been  already  described  (pages  435  to  442). 
Owing  to  the  strong  tendency  which  exists  to  form  a  double 
cyanide  of  potassium  and  silver,  potassium  cyanide  dissolves  all 
silver  compounds  except  the  sulphide.  Hence  its  employment  as 
a  fixing  agent  in  photography. 

Commercial  cyanide  of  potassium  is  most  conveniently  assayed 
for  the  proportion  of  real  cyanide  present  by  Liebig's  silver  pro- 
cess described  on  page  432.  The  results  are  not  affected  by  the 
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ordinary  impurities  of  commercial  cyanide,  with  the  exception  of 
soluble  sulphides,  which  must  be  removed  previous  to  titration. 
The  process  is  carried  out  as  follows: — 6 '5 10  grammes  (  =  100*5 
grains)  of  the  powdered  sample  are  treated  in  a  500  c.c.  flask  with 
about  300  c.c.  of  cold  water.  When  solution  is  complete,  about 
1  gramme  of  lead  carbonate  (white  lead)  should  be  added,  and  the 
flask  strongly  agitated  to  convert  any  soluble  sulphides  into  sul- 
phide of  lead.  The  solution  is  now  diluted  to  500  c.c.,  well  agi- 
tated, and  passed  through  a  dry  filter.  100  c.c.  of  the  filtrate  is 
then  treated  with  a  few  drops  of  a  solution  of  potassium  iodide,  and 
titrated  with  decinormal  silver  nitrate,  which  is  added  until  a 
white  turbidity  or  milkiness  is  produced,  which  is  permanent  after 
agitation.  The  flask  containing  the  solution  should  be  placed  on 
a  black  surface.  When  the  above  quantities  are  employed,  each 
c.c.  of  the  decinormal  silver  solution  corresponds  to  1  per  cent,  of 
cyanide,  expressed  in  terms  of  potassium  cyanide. 

By  the  substitution  of  sodium  carbonate  for  the  potassium  salt, 
an  article  is  now  prepared  which  shows  on  assay  from  98  to  100  per 
cent,  of  "potassium  cyanide,"  and  by  employing  sodium  ferro- 
cyanide  a  product  even  richer  in  cyanide  is  obtainable.1 

The  potassium  cyanide  required  for  electro-gilding  should  con- 
tain 90  per  cent,  of  real  KCy.  For  electro-plating  liquids  70  per 
cent,  cyanide  can  be  used,  whilst  for  photographic  purposes  a  less 
pure  sample  than  the  latter  will  suffice. 

Owing  to  its  manner  of  preparation,  and  to  the  materials  em- 
ployed, commercial  potassium  cyanide  contains  many  impurities, 
the  chief  of  which  are : — Potassium  cyanate,  potassium  thio- 
cyanate,  potassium  ferrocyanide,  potassium  formate,  potassium 
chloride,  potassium  carbonate,  potassium  silicate,  potassium  sul- 
phate, and  potassium  sulphide.  In  addition  to  these  compounds 

1  T.  B.  S  ti  1 1  m  a  n  found  16'90  per  cent,  of  NaCy  and  82 '83  of  KCy  in  a 
sample  of  commercial  "  98  per  cent,  cyanide.'*  The  alkali-metals  were  deter- 
mined by  evaporating  the  solution  of  the  sample  with  excess  of  sulphuric 
acid  and  igniting  and  weighing  the  resultant  sulphates.  The  sulphate  was 
then  determined  by  precipitation  with  barium  chloride,  and  the  potassium 
and  sodium  calculated  from  the  data  obtained.  To  their  weights  were  added 
that  of  the  cyanogen,  as  determined  by  silver  solution. 

It  has  been  pointed  out  by  R.  K  a  y  s  e  r  (Cliem.  Zeit.,  1892,  xvi.  1148)  that 
a  so-called  "100  per  cent."  potassium  cyanide  may  contain  as  much  as  15 
per  cent,  of  impurities  if  the  potassium  be  replaced  by  sodium.  He  also 
states  that  if  an  article  containing  sodium  cyanide  be  employed  in  an  electro- 
gilding  bath  for  dissolving  gold  electrolytically,  trouble  arises  from  the 
deposition  of  the  difficultly  soluble  sodium  aurous  cyanide  on  the  anode. 
The  author  is  not  aware  of  any  such  difficulties  occurring  in  the  electro- 
gilding  works  of  Sheffield. 
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of  potassium  (and  sodium),  commercial  cyanide  may  contain  more 
or  less  alumina,  calcium  compounds,  &c.,  and  in  old  damp  cyanide 
ammonia  is  frequently  present.  The  presence  or  absence  of  some 
of  the  above  impurities  will  depend  upon  the  quality  of  materials 
used,  the  employment  of  damp  materials,  the  free  admission  of  air, 
or  the  use  of  an  unsuitable  temperature. 

The  above  impurities  may  be  detected  in  the  following 
manner : — 

Potassium  cyanate  will  dissolve  in  alcohol  of  specific  gravity 
0*849,  and  this  solution,  on  addition  of  hydrochloric  acid,  will 
evolve  carbon  dioxide.  Or,  on  adding  water  to  the  alcoholic  solu- 
tion, and  boiling  off  the  alcohol,  the  liquid  will  give  a  precipitate 
of  calcium  carbonate  with  calcium  chloride  (see  also  page  484). 
Cyanate  may  also  be  detected  by  the  following  application  of 
Blomstrand's  colour-reaction  : — A  strong  solution  of  the  sample 
is  decomposed  by  passing  carbon  dioxide  through  it  until  no  more 
hydrocyanic  acid  is  evolved.  By  these  means  E.  A.  Schneider 
(Jour.  Soc.  CJiem.  Ind.,  1895,  p.  887)  found  that  3  grammes  of 
potassium  cyanide  were  decomposed  in  forty-five  minutes.  To  the 
resulting  liquid  Schneider  adds  sufficient  95  per  cent,  alcohol  to 
precipitate  the  potassium  carbonate  formed.  The  filtrate  is  then 
slightly  acidified  with  acetic  acid,  and  some  cobalt  acetate  solution 
added.  An  intense  blue  colour,  due  to  the  formation  of  the  double 
cyanate  of  cobalt  and  potassium,  is  produced,  which  renders  easy  the 
detection  of  as  little  as  0'35  per  cent,  of  cyanate.  If  present  in 
smaller  quantities,  more  of  the  cyanide  must  be  taken,  dissolved 
in  the  smallest  possible  quantity  of  water,  and  the  greater  part  of 
the  cyanide  precipitated  by  the  addition  of  absolute  alcohol.  The 
filtrate  is  then  treated  with  carbon  dioxide,  and  tested  as  before. 

Chlorides  may  be  detected  as  described  on  page  428,  and  can  be 
determined  by  Siebold's  volumetric  method  (page  434),  or  gravi- 
metrically,  as  on  page  431. 

Formates,  if  present,  will  cause  the  salt  to  blacken  on  ignition. 
They  may  be  detected  more  certainly  by  precipitating  the  cold 
dilute  solution  of  the  sample  with  excess  of  silver  nitrate  solution, 
filtering  cold  and  heating  the  clear  liquid.  In  presence  of  a 
formate,  metallic  silver  will  be  precipitated.  The  filtrate  from  the 
precipitate  produced  by  silver  nitrate  will  also  give  a  red  colour 
with  ferric  nitrate  or  sulphate  if  a  formate  be  present. 

Carbonates  will  remain  insoluble  on  treating  the  sample  with 
hot  alcohol  of  0*849  specific  gravity. 

Silicates  can  be  detected  and  estimated  in  the  ordinary  way  by 
evaporation  to  dryness  with  hydrochloric  acid,  the  residue  insoluble 
in  acidulated  water  beim*  silica. 
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Sulphates  are  detected  by  the  formation  of  a  white  precipitate 
on  adding  .barium  chloride  to  a  solution  of  the  sample  previously 
acidulated  by  hydrochloric  acid. 

Sulphides  will  give  a  black  precipitate  with  mercuric  chloride, 
and  a  yellow  precipitate  with  a  solution  of  cadmium.  They  can 
be  separated  by  agitating  the  solution  with  lead  carbonate. 

Free  ammonia  can  be  recognised  by  the  smell,  and  determined 
by  treating  the  solution  with  an  alkaline  solution  of  sodium  hypo- 
bromite  and  measuring  the  nitrogen  gas  evolved  (see  page  277). 

MERCURIC  CYANIDE.     HgCy2. 

Mercuric  cyanide  is  almost  the  only  simple  cyanide  of  a  heavy 
metal  which  is  soluble  in  water.  Owing  to  its  stability  it  reacts 
in  an  anomalous  manner.  Thus,  it  does  not  respond  to  the  iron 
tests  for  cyanides  (No.  3,  page  429),  and  is  not  precipitated  by 
silver  nitrate.  It  yields,  however,  a  yellowish- white  precipitate 
of  palladious  cyanide  on  addition  of  palladious  nitrate.  Mercuric 
cyanide  is  not  precipitated  by  alkalies,  but  by  boiling  with  hydro- 
chloric acid  hydrocyanic  acid  is  evolved  and  mercuric  chloride 
formed.  Solution  of  mercuric  cyanide  is  readily  decomposed  by 
sulphuretted  hydrogen,  and,  after  separation  from  the  precipitated 
mercuric  sulphide,  the  cyanide  in  the  liquid  can  readily  be  detected 
by  Liebig's  test  (No,  4,  page  429).  Mercuric  cyanide  may  also  be 
decomposed  by  digesting  the  solution  with  metallic  cadmium, 
which  precipitates  metallic  mercury  and  forms  cadmium  cyanide, 
CdCy2,  in  which  the  cyanogen  is  readily  determined. 

Owing  to  the  tendency  to  form  mercuric  cyanide,  many  simple  and 
double  cyanides  are  decomposed  by  boiling  with  yellow  mercuric 
oxide  and  water.  This  is  true  of  ferrocyanide  and  ferricyanide  of 
potassium  and  also  of  prussian  blue,  but  not  of  cobalticyanides. 

Xo  mercurous  cyanide  is  known ;  on  adding  mercurous  nitrate  to 
a  liquid  containing  hydrocyanic  acid,  or  a  metallic  cyanide,  metallic 
mercury  separates,  and  soluble  mercuric  cyanide  is  formed.  A  similar 
reaction  occurs  on  treating  calomel  with  excess  of  hydrocyanic  acid 
(Pharm.  Jour.,  [3],  vi.  801,  818;  xx.  792,  828  ;  xxii.  1002). 

"When  dry  mercuric  cyanide  is  heated  it  decomposes  with 
formation  of  metallic  mercury,  paracyanogen,  and  cyanogen  gas. 

A  hot  solution  of  mercuric  cyanide  readily  dissolves  yellow 
mercuric  oxide.  The  resultant  solution  has  been  recommended 
instead  of  solid  mercuric  oxide  for  the  separation  of  cobalt  from 
nickel  (compare  page  479). 

A  solution  of  mercuric  cyanide  to  which  caustic  alkali  has  been 
added  has  been  recommended  by  Knapp,  in  place  of  Fehling's 
solution,  for  the  titration  of  glucose,  and  by  H.  W.  Wiley  for 
oxidising  and  destroying  dextrose  and  maltose  while  leaving  dextrin 
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unchanged.  J.  A.  Wilson,  however,  finds  the  distinction  in  these 
cases  is  not  sufficiently  sharp  to  serve  as  a  foundation  for  a 
quantitative  process  (Chem.  News,  Ixv.  169). 


DOUBLE  CYANIDES. 

As  already  stated,  the  cyanides  of  the  heavy  metals  exhibit  a 
remarkable  tendency  to  form  double  salts1  which  in  many  instances 
are  of  an  exceedingly  stable  nature,  so  that  in  some  cases  neither  the 
cyanogen  nor  the  heavy  metal  is  recognisable  by  any  reaction  which 
does  not  involve  actual  destruction  of  the  compound  cyanide. 

Such  stable  double  cyanides  are  not  precipitated  by  alkalies 
or  decomposed  by  carbonic  acid,  and  their  aqueous  solutions  are 
usually  quite  neutral  in  reaction.  On  ignition  without  access 
of  air  they  are  decomposed,  and  the  cyanide  of  the  alkali-metal 
may  then  be  dissolved  out  from  the  residual  heavy  metal  or 
metallic  carbide  by  means  of  water. 

Many  of  the  double  cyanides  are  decomposed  on  addition  of 
a  dilute  mineral  acid,  as  in  the  following  instance  : — 

KAgCy2  +  HN03  =  AgCy  +  HCy  +  K^03. 

The  liberated  hydrocyanic  acid  has,  in  such  cases,  no  tendency 
to  combine  with  the  cyanide  of  the  heavy  metal. 

Double  cyanides  which  suffer  decomposition  in  the  above 
manner  respond  to  the  tests  for  simple  cyanides  (page  428), 
except  that  the  precipitate  produced  by  silver  nitrate  in  a  neutral 
solution  is  not  pure  argentic  cyanide,  but  a  mixture  or  compound 
of  the  two  cyanides  of  the  heavy  metals,  as  in  the  following 
instance  :  —  2KCy,  ZnCy2+ 2AgN03=  2AgCy,  ZnCy2+2KX03. 
On  treating  the  precipitate  with  dilute  nitric  acid,  the  zinc 
cyanide  dissolves  and  argentic  cyanide  remains. 

Of  the  readily  decomposable  double  cyanides,  those  of  mercury, 
silver,  zinc,  and  cadmium  are  decomposed  by  sulphuretted  hydro- 

1  The  cyanides  are  commonly  represented  as  having  the  constitution  of 
nit  riles,  M.CN;  but  E.  Divers  (Jour.  Chem.  Soc.,  xlvii.  227,  xlix. 
582)  has  shown  that  there  are  good  reasons  for  regarding  them  as  car- 
barn i  n  e  s,  M.NC.  He  further  suggests  that  by  attributing  to  the  cyanides 
a  constitution  half  carbamine,  half  nitrile,  an  explanation  is  afforded  of 
their  remarkable  tendency  to  form  double  salts.  Thus  : — 
Potassium  cyanide,  K.N:C:N;C.K.  Silver  potassium  cyanide,  Ag.N:C:N;C.K. 
Hence  free  cyanogen  would  probably  have  the  following  constitution  : — 

N=C 
II        I 
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gen  readily  and  completely,  with  precipitation  of  the  correspond- 
ing metallic  sulphides.  Most  of  the  other  double  cyanides  of 
this  class  (e.g.,  copper,  nickel)  are  decomposed  very  imperfectly, 
or  not  at  all. 

Other  of  the  double  cyanides  are  of  a  still  more  stable  character, 
and  on  treatment  with  a  dilute  mineral  acid,  the  liberated  hydro- 
cyanic acid  remains  in  close  combination  with  the  cyanide  of  the 
heavy  metal  forming  a  new  compound  acid  giving  rise  to  a 
complete  and  characteristic  series  of  salts.  The  following  equa- 
tions represent  the  action  of  hydrochloric  acid  on  (a)  potassio- 
ferrous  cyanide,  and  (b)  potassio-cobaltic  cyanide : — 

a.  K4FeCyG  +  4HCl  =  4KCl  +  H4FeCy6  (Hydrogen  ferrocyanide). 

b.  K3CoCy6  +  3HC1  =  3KC1  +  H3CoCy6  (Hydrogen  cobalticyanide). 
The  following  are  the  chief  classes  of  stable  double  cyanides  : — 

Ferrocyanides,  .         .     4MCy,FeCy2;  i.e.,  M4FeCy6  or  M4Cfy"". 
Ferricyanides,    .         .     3MCy,FeCy3 ;  i.e.,  M3FeCy6  or  M3Cfdy'". 

Cobalticyanides,1  .  3MCy,CoCy3;  i.e.,  M3CoCy6. 
Chromicyanides,1  .  3MCy,CrCy3;  i.e.,  M3CrCy6. 
Platinocyanides,  .  2MCy,PtCy2;  i.e.,  M2PtCy4. 

From  the  foregoing  description  it  is  evident  that  the  double 
cyanides  may  be  conveniently  arranged  in  two  classes,  namely  : 
(1)  those  which  are  readily  decomposed  by  dilute  mineral  acids, 
and  (2)  those  which  are  not  materially  affected  by  such  treatment. 
The  more  important  members  of  Class  1  are  described  below,  while 
the  principal  stable  double  cyanides  (Class  2)  are  considered 
analytically  in  separate  sections  (see  ferrocyanides,  ferricyanides, 
platinocyanides,  &c.). 

Readily  Decomposable  Double  Cyanides. 

These  compounds  have  a  great  practical  interest  from  their  ap- 
plication in  the  treatment  of  gold  ores  and  in  electro-metallurgy. 
The  determination  of  the  metals  contained  in  them  is  described  on 
page  441,  and  of  the  cyanide  on  pages  434  and  437. 

POTASSIUM  ZINC  CYANIDE.     2KCy,ZnCy2. 

This  salt  is  the  type  of  the  readily  -  decomposable  double 
cyanides.  It  has  a  practical  interest  as  a  convenient  source  of  free 

1  The  preparation  and  reactions  of  cobaltocyanides,  chromocyanides,  man- 
ganicyanides,  and  manganocyanides  has  been  described  by  Descamps 
(abst.  Jour.  Chetn.  Soc.,  xlii.  154),  by  0.  T.  Christensen  (abst.  Jour. 
Chem.  Soc.,  xlviii.  737),  and  by  H.  Moissan  (ibid.,  p.  738). 
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hydrocyanic  acid  (page  443),  as  a  suitable  compound  for  the 
electro-deposition  of  zinc,  and  as  a  constituent  of  the  cyanide 
liquors  of  gold-extraction  works. 

Potassium  zinc  cyanide  is  readily  prepared  by  precipitating  a 
solution  of  zinc  sulphate  or  chloride  with  an  equivalent  amount  of 
potassium  cyanide,  and  dissolving  the  washed  precipitate  of  zinc 
cyanide  in  a  solution  of  a  second  equivalent  of  potassium  cyanide. 
On  concentration,  the  solution  deposits  large,  colourless,  regular 
octahedra  of  the  double  cyanide.  The  salt  is  fusible,  permanent 
in  the  air,  and  very  soluble  in  water  to  form  a  solution  of  a  sweet 
taste.  Addition  of  a  moderate  quantity  of  acetic,  hydrochloric,  or 
sulphuric  acid  to  the  solution  precipitates  zinc  cyanide,  which 
redissolves  in  excess  of  the  precipitant. 

The  solution  of  potassium  zinc  cyanide  has  an  alkaline  reaction 
to  litmus.  With  methyl-orange  the  neutral  point  is  stated  to  corre- 
spond with  the  complete  conversion  of  the  potassium  and  zinc  into 
chlorides  :  —  K2ZnCy4  +  4HC1  =  2KC1  +  ZnCl2  +  4HCy.  With 
phenol-phthalein  the  neutral  point  is  reached,  according  to  W. 
Bettel,  when  sufficient  cyanide  has  been  added  for  the  reaction  :  — 
(KjjZnCy^o  +  3HC1  =  3HCy  +  3KC1  +  (ZnCy2)10,(KCy)17. 

Upon  this  reaction  W.  Bettel  has  based  a  process  for  the  analysis 
of  the  cyanide  liquors  of  gold  works  (see  page  440). 

Bettel  states  that  an  exactly  parallel  reaction  occurs  with  silver 
nitrate,  the  reaction  in  this  case  being  :  — 
(K2ZnCy4)20  +  3AgN08=  3KAgCy2+  3Kff08  +  2[(ZnCy2)10,(KCy)17]. 


On  addition  of  excess  of  caustic  potash  to  the  solution  of 
potassium  zinc  cyanide,  potassium  cyanide  and  zincate  are  formed 
according  to  the  equation  :  — 

K2ZnCy4  +  4KHO  =  4KCy  +  ZnK202  +  2H20. 

Caustic  soda  acts  similarly,  as  also  do  potassium  and  sodium 
mono  carbonates,  but  bicarbonates  have  no  action. 

Sodium  sulphide  or  sulphuretted  hydrogen  throws  down  the 
whole  of  the  zinc  from  a  solution  of  potassium  zinc  cyanide. 
This  reaction  affords  a  means  of  separating  zinc  from  nickel  and 
copper,  the  sulphides  of  which  are  not  similarly  precipitated. 

The  zinc  contained  in  the  cyanide  liquors  of  gold  works  may 
also  be  determined  with  moderate  accuracy  in  the  manner  de- 
scribed on  page  439. 

POTASSIUM  COPPER  CYANIDE. 

When  to  a  solution  of  cupric  sulphate  potassium  cyanide  is 
added  in  limited  quantity,  a  yellowish-brown  precipitate  of 
cupric  cyanide,  CuCy2,  is  obtained.  On  boiling  the  liquid  this 
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suffers  more  or  less  complete  reduction  to  white  cuprous 
cyanide,  Cn2Cy9,  cyanogen  being  evolved  as  gas.  Cuprous 
cyanide  dissolves  in  potassium  cyanide  solution  to  form  a  colour- 
less liquid  containing  potassium  cuprous  cyanide,  2KCy,Cu2Cy2, 
which  can  be  obtained  in  colourless  crystals  on  evaporation.  The 
solution  is  not  precipitated  by  alkalies  nor  by  sulphuretted  hydrogen, 
a  fact  utilised  in  analysis  to  separate  copper  from  cadmium. 

A  solution  of  ammonio-cupric  sulphate  becomes  colourless  or 
faintly  yellow  on  addition  of  potassium  cyanide,  a  fact  on  which 
is  based  Parkes'  process  for  the  volumetric  determination  of 
copper  (see  also  G.  Deniges,  Analyst,  June  1896). 

The  copper  is  not  precipitated  from  a  solution  of  potassium 
copper  cyanide  by  contact  with  iron,  a  fact  which  is  utilised  in 
the  electro-deposition  of  copper  on  iron  surfaces. 

If  potassium  cyanide  be  added  to  boiling  Fehling's  copper 
solution,  the  blue  colour  is  destroyed  as  in  the  last  case,  and  the 
liquid  gives  no  precipitate  of  cuprous  oxide  when  boiled  with 
glucose  ;  but  if  Fehling's  solution  be  present  in  quantity  more 
than  sufficient  to  react  with  the  potassium  cyanide  used  (that 
is,  if  the  mixed  solutions  retain  a  blue  colour),  this  extra  portion 
will  suffer  reduction  by  glucose ;  but  instead  of  the  cuprous  oxide 
being  precipitated  it  will  remain  in  solution,  and  the  progress 
and  end  of  the  reduction  will  be  indicated  by  the  gradual  lessen- 
ing and  ultimate  entire  disappearance  of  the  blue  colour.  This 
reaction  is  utilised  in  Gerrard's  cyano-cupric  process  of  glucose 
titration  (see  Allen's  Chemistry  of  Urine,  page  74). 

POTASSIUM  SILVER  CYANIDE.     KCy,AgCy. 

This  compound  is  obtained  by  precipitating  silver  nitrate  by  an 
equivalent  amount  of  potassium  cyanide,  and  dissolving  the  white 
curdy  silver  cyanide  thus  obtained  in  a  second  equivalent  of 
potassium  cyanide  solution.  On  evaporation,  the  solution  deposits 
hexagonal  tables  of  potassium  silver  cyanide.  The  compound  may 
also  be  obtained  by  the  action  of  potassium  cyanide  solution  on 
metallic  silver  in  presence  of  air,  by  dissolving  silver  chloride  in 
potassium  cyanide  solution,  or  by  adding  potassium  cyanide  to 
silver  nitrate  solution  until  the  precipitate  at  first  formed  is 
redissolved  (compare  page  432). 

A  solution  of  potassium  silver  cyanide  is  decomposed  on  addition 
of  a  dilute  mineral  acid  with  evolution  of  hydrocyanic  acid  and 
precipitation  of  silver  cyanide.  From  a  dilute  solution  the  silver 
is  completely  thrown  down  by  sulphuretted  hydrogen  or 
ammonium  sulphide.  Any  zinc  present  will  accompany  the 
silver,  but  nickel  and  copper  will  remain  in  solution. 

Potassium  silver  cyanide  is  extensively  used  for  electro-plating. 
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The  contained  silver  may  be  determined  as  on  page  441,  and  the 
cyanogen  as  described  on  page  435. 

POTASSIUM  GOLD  CYANIDES. 

On  adding  potassium  cyanide  to  a  solution  of  auric  chloride,  a 
precipitate  of  auric  cyanide,  AuCy3,  is  first  obtained,  but  this 
dissolves  with  great  facility  in  excess  of  the  reagent  with  forma- 
tion of  potassium  auric  cyanide,  KCy,AuCy3,  which  on  evapo- 
ration can  be  obtained  in  colourless  tables  containing  1  aqua.  The 
solution  is  used  for  electro-gilding. 

A  solution  of  potassium  cyanide  readily  dissolves  gold  if  access 
of  air  be  permitted,  the  reaction  apparently  being : — 

2 Au2  +  8KCy  +  2H20  +  02  =  4 ( AuCy,KCy)  +  4KHO  . 

On  evaporation  the  solution  yields  colourless  octahedral  crystals  of 
potassium  aurous  cyanide. 

The  foregoing  reaction  is  the  foundation  of  the  cyanide  process 
of  gold  extraction  now  so  extensively  used  for  the  treatment  of 
South  African  ores.  The  quantity  of  cyanide  theoretically  neces- 
sary to  dissolve  a  given  weight  of  gold  is  very  small  in  comparison 
with  the  weight  required  in  practice,1  which  is  at  least  40  parts  of 

1  This  is  due  in  the  first  place  to  the  instability  of  potassium  cyanide, 
which  is  decomposed  by  atmospheric  carbon  dioxide  with  formation  of 
hydrocyanic  acid  and  potassium  carbonate.  Further  loss  takes  place  by 
oxidation  of  the  cyanide  to  cyanate  and  carbonate,  and  in  presence  of  excess 
of  caustic  alkali  much  loss  results  from  hydrolysis  with  formation  of  potassium 
formate  and  ammonia.  More  or  less  decomposition  of  the  cyanide  also  probably 
occurs  in  dilute  solutions,  with  formation  of  hydrocyanic  acid  and  potash : — 
KCy  +  ELO==HCy  +  KHO.  Evidence  of  this  reaction  is  afforded  by  the  fact 
that  on  passing  nitrogen  or  other  inert  gas  through  a  cold  dilute  solution  of 
potassium  cyanide,  hydrocyanic  acid  is  volatilised,  and  the  fact  accounts  for 
the  odour  of  hydrocyanic  acid  always  perceptible  in  the  vicinity  of  cyanide 
tanks  freely  exposed  to  the  air.  A  further  loss  of  cyanide  occurs  from  the 
formation  of  ferrocyanides  and  analogous  compounds.  The  appearance  of  a 
blue  coloration  on  the  surface  of  the  tailings  or  in  the  cyanide  solution  is  a 
certain  indication  that  acid  salts  of  iron  are  present,  and  that  a  large  loss  of 
cyanide  has  occurred. 

Traces  of  free  sulphuric  acid  exist  in  pyritous  tailings,  and  cause  evolution 
of  hydrocyanic  acid. 

Ferrous  sulphate  reacts  on  potassium  cyanide  with  formation  of  a  yellowish  - 
red  precipitate  of  ferrous  cyanide,  which  combines  with  more  potassium 
cyanide  to  form  ferrocyanide,  4KCy,FeCy.2,  and  in  presence  of  free  acid 
Prussian  blue  is  formed.  Ferric  salts,  in  the  absence  of  ferrous  salts,  decom- 
pose potassium  cyanide  with  evolution  of  hydrocyanic  acid  and  precipitation 
of  ferric  hydroxide  in  a  finely-divided  colloidal  condition,  with  difficulty  re- 
moved by  filtration.  Mixed  ferrous  and  ferric  sulphates,  which  are  probably 
always  present  in  partially  oxidised  pyritic  tailings,  cause  a  blue  colour  on 
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cyanide  for  1  of  gold.  (In  the  leaching  tanks  alone,  1  Ib.  of 
cyanide  is  generally  consumed  per  ton  of  material  treated.) 

The  gold  contained  in  the  cyanide  liquor  is  precipitated  by 
metallic  zinc,  sodium  amalgam,  or  by  electrolysis. 

Zinc  is  used  in  the  form  of  clean  turnings,  and  appears  to  react 
on  the  potassium  aurous  cyanide  according  to  the  following  equa- 
tion :— 2KAuCy2  +  Zn  =  K2ZnCy4 + Au2.  Hence  theoretically 
1  Ib.  of  zinc  should  precipitate  about  6  Ibs.  of  gold,  but  in  practice 
the  actual  consumption  of  zinc  is  about  1  Ib.  for  every  troy  ounce 
of  gold  precipitated.  This  result  appears  to  be  due  to  the  forma- 
tion of  a  gold-zinc  couple,1  which  decomposes  a  large  quantity  of 
cyanide  electrolytically.  Other  cyanides  of  the  light  metals  can 
be  substituted  for  potassium  cyanide. 

Reduction  of  the  dissolved  gold  by  sodium  amalgam  instead  of 
zinc  presents  many  advantages,  since  the  solutions  do  not  become 
saturated  with  zinc  compounds,  and  the  whole  of  the  cyanogen  is 
restored  to  a  condition  in  which  it  is  available  for  dissolving  gold. 
The  amalgam  may  be  made  by  direct  union  of  sodium  and  mercury, 
but  in  the  Molloy  process  is  produced  electrolytically.2 

addition  of  the  cyanide,  after  the  free  alkali  of  the  commercial  product  has 
been  neutralised. 

Before  treating  such  pyritic  ores  or  products  with  cyanide,  it  is  necessary 
to  subject  them  to  a  treatment  with  water  to  remove  free  acid  and  soluble 
salts  of  iron,  followed  by  washing  with  a  solution  of  caustic  soda  or  lime  to 
decompose  the  basic  sulphates.  Slaked  lime  is  sometimes  mixed  with  the 
tailings  before  commencing  the  cyanide  treatment. 

Lime  is  preferable  to  soda,  as  though  slower  in  its  action  it  decomposes  the 
iron  salts  equally  well,  is  less  active  in  effecting  hydrolysis  of  the  cyanide, 
and  is  less  energetic  in  attacking  the  zinc  in  the  precipitation  tanks. 

Ferric  hydroxide  does  not  appear  to  be  acted  on  by  potassium  cyanide,  but 
ferrous  hydroxide  reacts  with  excess  of  potassium  cyanide  to  form  ferro- 
cyanide :— Fe(OH)2  +  6KCy  =  FeCy2, 4KCy  +  2KOH . 

1Clennell  states  that  there  is  reason  to  believe  that  the  black  deposit 
formed  on  the  zinc  shavings  is  an  actual  chemical  compound  of  gold  and  zinc, 
which  forms  the  negative  element  in  the  electric  couple. 

2  The  cyanide  solution  passes  through  a  shallow  trough  containing  mercury, 
in  which  trough  is  an  inner  cylindrical  vessel  filled  with  a  solution  of  sodium 
carbonate.  The  edges  of  the  cylinder  just  dip  beneath  the  mercury,  so  that 
the  contents  are  entirely  cut  off  from  the  outer  portion  of  the  vessel.  A  rod  of 
lead  dips  into  the  soda  solution  and  forms  the  anode,  the  lead  and  mercury 
being  connected  with  the  opposite  poles  of  a  battery,  so  that  the  sodium  car- 
bonate is  electrolysed  by  the  current.  The  nascent  sodium  combines  with  the 
mercury  to  form  an  amalgam,  which  at  once  reduces  the  gold  in  the  cyanide 
solution  to  form  ordinary  gold  amalgam  and  sodium  cyanide,  which  salt  is 
equally  efficacious  with  potassium  cyanide  as  a  solvent  of  gold. 

H.  S.  Sulman  (Jour.  Soc.  Chem.  Ind.,  1895,  753)  has  proposed  the  use 


462  GOLD  EXTRACTION. 

In  the  process  of  Siemens  and  Halske,  the  gold  is  deposited 
electrolytically,  very  thin  lead  plates  being  used  as  the  cathode  and 
iron  plates  as  the  anode.  Prussian  blue  is  formed  by  the  reaction 
of  the  dissolved  iron  on  the  f errocyanides  produced  in  the  leaching, 
and  is  decomposed  by  alkali,  the  solution  evaporated,  and  the 
cyanide  recovered  by  fusion  with  sodium  carbonate.  Siemens  and 
Halske's  process  works  well  with  cyanide  solutions  of  any  strength, 
even  in  presence  of  caustic  soda,  and  hence  renders  possible  the 
employment  of  very  weak  cyanide  liquor  for  the  extraction  of  the 
gold,  thus  taking  advantage  of  the  selective  action  and  avoiding 
the  simultaneous  solution  of  copper. 

From  the  waste  solutions  which  have  passed  the  zinc  boxes,  or 
been  treated  by  Siemens  and  Halske's  process,  a  further  quantity 
of  gold  can  be  recovered  by  addition  of  zinc-dust,  preferably  freed 
from  oxide  by  means  of  ammonia. 

Ferrocyanides. 

4MCy,FeCy2;  i.e.,  M4FeCy6 ;  or  M4Cfyiv. 

Ferrocyanides  are  present  in  considerable  proportion  in  the 
spent  oxide  and  ammoniacal  liquor  of  the  gas-works  and  also 
exist  in  the  black-ash  liquors  of  the  Leblanc  soda-process.  Great 
attention  has  been  given  of  recent  years  to  the  economical  pro- 
duction of  f  errocyanides,  as  a  link  in  the  manufacture  of  cyanides 
for  gold-extraction,  &c.,  though  their  direct  employment  for  the 
preparation  of  prussian  blue  is  a  decaying  industry. 

The  methods  of  recovering  ferrocyanides  from  spent  oxide  and 
analyses  of  the  oxide  from  various  sources  are  described  in  a 
paper  by  J.  V.  Esop  (Zeits.  angew.  Chem.,  1889,  305;  abst. 
Jour.  Soc.  Chem.  2nd.,  viii.  881). 

An  ingenious  process  for  the  recovery  of  ferrocyanides  from  the 
ammoniacal  liquor  of  gas-works  has  been  devised  by  W.  L. 
Rowland  (Eng.  Patent,  No.  22,347,  1891).  See  also  footnote  2, 
page  487. 

The  occurrence  of  ferrocyanides   in  the   Leblanc  soda-liquors 

of  cyanogen  bromide  for  renovating  the  cyanide  solutions.  It  can  be  readily 
prepared  by  the  action  of  bromine  on  potassium  cyanide.  The  bromine  can 
be  recovered  by  adding  hydrochloric  acid  to  the  concentrated  cyanide  liquors, 
when  cyanogen  bromide  is  re-formed. 

The  presence  of  cyanogen  bromide  does  not  interfere  with  the  assay  of 
cyanide  liquors  by  the  silver  process.  It  may  be  determined  by  rendering 
the  liquor  acid  with  hydrochloric  acid,  adding  a  slight  excess  of  potassium 
iodide  solution,  and  titrating  with  standard  sodium  thiosulphate  and  starch 
as  indicator.  One  c.c.  of  decinormal  thiosulphate  corresponds  to  0'0053 
gramme  of  cyanogen  bromide. 
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has  long  been  a  hindrance  to  the  manufacture  of  pure  alkali 
by  that  process.  Newall  and  Sisson  (Jour.  Soc.  Chem.  2nd., 
1887,  p.  349)  recommend  a  process  in  which  the  ferrocyanides 
obtained  are  used  for  the  manufacture  of  prussian  blue,  &c. 

Potassium  ferrocyanideis  manufactured  by  heating  car- 
bonate of  potassium  with  horns,  hoofs,  dried  blood,  wool  and  hair 
clippings,  feathers,  leather-parings,  or  other  animal  refuse.  Scrap- 
iron  is  sometimes  added,  but  in  other  cases  the  manufacturer  relies 
on  the  iron  of  the  vessel  employed,  which  is  made  of  great  thick- 
ness on  purpose.1  The  resultant  mass  is  lixiviated  with  water,  and 
the  clear  liquid  obtained2  boiled  down,  when  a  first  crop  of  crystals 
separates.  These  crystals  are  then  purified  by  recrystallisation. 
If  the  potassium  carbonate  contain  more  than  about  three  per  cent, 
of  sodium  carbonate,  the  crystallisation  is  interfered  with.  The  first 
crop  of  crystals  (or  u  prussiate  scale")  contains  about  97  per  cent, 
of  hydrated  ferrocyanide,  and  on  recrystallisation  it  is  obtained 
with  9 9 '8  per  cent.  The  usual  impurities  are  sulphate,  sulphite, 
sulphide,  thiosulphate  (hyposulphite),  chloride,  and  carbonate  of 
potassium.  Very  considerable  quantities  of  sulphate  are  sometimes 
present,  which  may  be  detected  and  estimated  by  barium  chloride. 
In  addition  to  these  impurities,  the  mother-liquors  contain  sodium 
salts,  thiocyanate  (sulphocyanide),  silicate,  &c. 

REACTIONS  OP  FERKOCYANIDES. 

The  ferrocyanides  may  be  regarded  as  compounds  of  ferrous 
cyanide  with  the  cyanide  of  some  other  metal  or  basylous  radical. 
Neither  the  iron  nor  the  cyanogen  is  recognisable  by  the  ordinary 
tests,  and  the  ferrocyanides  as  a  class  have  no  marked  poisonous 
properties. 

The  ferrocyanides  of  the  light  metals  are  soluble,  but  most  of 
the  ferrocyanides  of  the  heavy  metals  are  insoluble. 

The  ferrocyanides  of  the  alkaloids  have  been  described  by  H. 
Beckurts  (Arch.  Pharm.,  ccxxviii.  347;  abst.  Jour.  Chem.  Soc.y 

1  This  wear  of  the  iron  pots,  aggravated  by  the  presence  of  sulphur  in  the 
horns,  &c.,  used,  and  by  the  high  temperature  necessary  for  the  reaction, 
renders  the  working  life  of  the  prussiate  pots  a  very  short  one.     The  fused 
mass  obtained,  called  "  metal,"  is  treated  with  water  as  described  in  the  text  ; 
it  contains  cyanogen  equivalent  to  about  16-20  per  cent,  of  potassium  ferro- 
cyanide, which,  before  lixiviation,  may  exist  as  cyanide,  but  on  treatment 
with  water,  a  double  decomposition  occurs,  thus : — 

13KCN  +  Fe.2S3  =  2K4FeCy6  +  2K2S  +  KCNS. 

2  The  insoluble  residue  from  the  lixiviation  consists  largely  of  carbon 
derived  from  the  animal  matters,  and  used  to  be  a  waste-product.     It  has 
recently  become  of  value  as  a  substitute  for  animal  charcoal  in  the  decoloris- 
ing of  paraffin-wax. 
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1890,  1318).1  P.  H.  Walker  has  proposed  to  utilise  the 
strychnine  and  dimethylaniline  salts  for  the  preparation  of 
barium  and  calcium  ferrocyanides  (Jour.  Amer.  Chem.  Soc.,  1895, 
p.  927). 

Potassium  ferrocyanide  is  the  type  of  the  soluble  ferro- 
cyanides. An  aqueous  solution  of  the  salt  gives  the  following 
reactions : — 

1.  On  adding  strong  hydrochloric  acid  to  a  concentrated  solu- 
tion of  potassium  ferrocyanide,  hydroferrocyanic  acid  is  set 
free,  and,  on  adding  ether  and  shaking,  white  crystalline  scales 
are   deposited    of    a    compound    containing    H4FeCy6,2(C2H5)20. 
These  are  readily  soluble  in  water  and  alcohol.     The  solution  is 
strongly  acid,  and  absorbs  oxygen  from  the  air,  with  formation  of 
Prussian  blue. 

2.  Chlorine,    bromine,    hydrogen    dioxide,    permanganate    or 
chromate  in  acid  solution,  and  other  oxidising  agents  convert  the 
ferrocyanide     into     f  erricyanide: — 2K4FeCy6  +  Br2=2KBr-f- 
2K3FeCy6. 

3.  When  boiled  with  yellow  mercuric  oxide,  oxide  of  iron 
is    precipitated,   while    mercuric    cyanide    and    caustic    and 
carbonated  alkali    remain  in  solution.      All   ferrocyanides    react 
similarly. 

4.  Silver  nitrate  precipitates  white  argentic  ferrocyanide, 
Ag4FeCy6,   insoluble   in   dilute    nitric   acid.     The    precipitate    is 
almost  insoluble  in  cold  ammonia,  but  on  boiling  with  ammonia 
is  decomposed  with  formation  of  argentic  ferricyanide  and  cyanide, 
ammonium  cyanide,  ferrous  and  ferric  oxides,  and  metallic  silver. 

5.  Cupric  sulphate  added  in  excess  precipitates  chocolate-red 
cupric  ferrocyanide,  Cu2"FeCy6.    With  an  insufficient  quantity 
of  the  reagent,  brown  K2Cu"FeCy6  is  formed.     The  precipitates  are 
insoluble  in  acetic  or  hydrochloric  acid,  but  soluble  in  ammonia. 

6.  Zinc  sulphate   gives    a    white    precipitate    of    zinc  ferro- 
cyanide, Zn2FeCy6,  insoluble  in   hydrochloric    acid.     When  a 
strongly  ammoniacal  solution  of  zinc  is  heated  to  boiling,  and  ferro- 
cyanide added,  a  white  precipitate  is  obtained.     This  reaction  has 
been  recommended  by  the  author  as  a  very  delicate  test  for  zinc.2 

7.  Ferrous   sulphate    (when   quite  free  from  ferric  salt)   pre- 
cipitates white  potassio-ferrous  ferrocyanide,  K2Fe"FeCy6 
(Everitt's  salt),  which  rapidly  turns  blue  in  the  air. 

1  D  u  n  s  t  a  n  and  Short  have  utilised  an  observation  of  Beckurts'  for 
effecting  the  separation  of  strychnine  from  brucine  (see  Part  ii.  page  366). 

2  Hot  ammoniacal  solutions  of  zinc,  so  dilute  as  to  give  no  reaction  with 
ammonium  sulphide  or  sulphuretted  hydrogen,  yield  an   immediate  white 
turbidity  with  potassium  ferrocyanide  (Chem.  News,  xxiii.  290). 
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8.  Ferric  chloride  precipitates  prussian  blue,  ferric  ferro- 
cyanide,  Fe4Cfy3  =  Fe7Cy18  =  3FeCy2,2Fe2Cy6.  The  precipitate 
usually  contains  more  or  less  potassio-ferric  f erro-cyanide, 
or  Williamson's  blue,  KFe"'Cfy.  With  an  insufficient  quantity 
of  ferric  salt  a  compound  is  produced,  called  "  soluble  prussian 
blue,"  which  is  insoluble  in  saline  solutions  but  dissolves  in  pure 
water.1  Ferric  ferrocyanide  is  insoluble  in  dilute  mineral  acids, 
but  dissolves  in  oxalic  acid  to  a  deep  blue  liquid  (formerly  used 
as  an  ink),  and  in  ammonium  tartrate  to  a  violet  liquid. 

The  formation  of  prussian  blue  furnishes  the  most  delicate  and 
characteristic  test  for  ferrocyanides.  It  is  also  applied  to  the 
detection  of  simple  cyanides  and  hydrocyanic  acid  (see  page  429). 

When  boiled  with  caustic  alkalies  or  magnesia,  ferric  ferrocyanide 
(prussian  blue)  is  decomposed  with  precipitation  of  ferric 
hydroxide  and  formation  of  a  soluble  ferrocyanide. 

DETERMINATION  OF  FERROCYANIDES. 

The  determination  of  ferrocyanides  can  be  effected  by  precipi- 
tation, as  the  silver,  copper,  or  iron  salts,  or  by  conversion  into 
ferricyanide  by  oxidation  with  permanganate  in  acid  solution.  In 
applying  this  method,  thiocyanates,  sulphites,  sulphides,  thiosul- 
phates,  and  other  reducing  agents  must  be  absent.  The  process, 
which  is  well  adapted  for  the  assay  of  ferrocyanides  in  the  absence 
of  these  impurities,  is  applied  as  follows  : — A  quantity  of  material, 
containing  about  0'2  gramme  of  potassium  ferrocyanide,  is  dis- 
solved in  water,  the  solution  diluted  to  about  200  c.c.,  and  placed 
in  a  white  basin.  The  solution  is  acidified  with  sulphuric  acid, 
and  standard  solution  of  potassium  permanganate  is  run  in  till  the 
yellow  colour  of  the  liquid  changes  to  yellowish-red.  The  end- 
reaction  is  tolerably  definite.  If  a  trace  of  ferric  chloride  be 
added  to  the  liquid,  the  disappearance  of  the  bluish-green  colour 
will  render  the  termination  still  more  distinct.  The  reaction  is : — 

5K4FeCy«  +  KMn04  +  4H2S04 = 5K3FeCy6  +  3K2S04  +  MnS04  +  4H20. 

The  permanganate  is  preferably  set  by  titrating  a  known 
quantity  of  pure  potassium  ferrocyanide,  but  the  ordinary  deci- 
normal  solution  may  be  employed.  Each  c.c.  of  decinormal  per- 
manganate used  represents  0 '042 2 4  of  crystallised,  or  0'03684  of 
anhydrous,  potassium  ferrocyanide. 

From  salts  of  all  other  kinds  than  chlorides,  bromides,  iodides, 
iodates,  cyanides,  thiocyanates,  ferricyanides,  and  sulphides,  fer- 

1  G  u  i  g  n  e  t  suggests  soluble  prussian  blue  as  very  suitable  for  anatomical 
injections,  since  it  remains  in  suspension  in  presence  of  a  large  amount  of 
gelatin. 
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rocyanides  may  be  separated  by  precipitating  the  liquid  with 
silver  nitrate  in  presence  of  free  nitric  acid. 

From  chlorides  and  bromides  (and  thiocyanates)  ferrocyanides 
may  be  separated  by  cupric  sulphate  in  presence  of  free  acid,  and 
from  these  salts  and  from  ferricyanides  by  precipitation  with  ferric 
sulphate. 

In  the  filtrate  from  the  copper  precipitate,  after  removing  the 
excess  of  copper  by  sulphuretted  hydrogen,  the  alkaline  base  of 
soluble  ferrocyanides  can  be  conveniently  determined. 

Prussian  blue  and  other  insoluble  ferrocyanides  (the  silver  salt 
imperfectly)  are  converted  into  potassium  ferrocyanide  by  boiling 
with  solution  of  caustic  alkali,  the  heavy  metal  being  usually  pre- 
cipitated as  oxide.  If  the  metallic  oxide  be  soluble  in  excess 
of  alkali  solution,  it  may  be  got  rid  of  by  passing  carbon 
dioxide  through  the  liquid,  or  in  some  cases  magnesia  may  be 
substituted  for  the  potash  or  soda.  In  the  filtrate,  the  ferro- 
cyanide can  be  determined  by  standard  permanganate  or  other 
means. 

The  mother-liquors  from  ferrocyanide  works  may  be  assayed  for 
ferrocyanide  as  follows : — Remove  any  sulphide  by  boiling  the 
liquid  with  lead  carbonate ;  filter,  acidify  the  filtrate  with  dilute 
sulphuric  acid,  and  add  from  a  burette  a  standard  solution  of 
cupric  sulphate,  containing  10  grammes  of  the  crystallised  salt 
to  the  litre.  The  addition  is  continued  until  a  strip  of  filter- 
paper,  immersed  so  that  the  clear  liquid  may  rise  by  capillary 
attraction,  gives  no  blue  colour  when  touched  with  a  drop  of 
ferric  chloride.  The  precipitating  power  of  the  copper  solution 
is  ascertained  by  means  of  pure  potassium  ferrocyanide.  About 
0'2  gramme  of  the  salt  should  be  used,  dissolved  in  50  c.c.  of 
water.  Thiocyanates  (sulphocyanides)  do  not  interfere  with  this 
method. 

0.  Knublauch  (Jour.  Soc.  Chem.  Ind.,  1889,  p.  733)  takes 
a  convenient  quantity  of  the  ferrocyanide  solution  and  adds  to  it 
slightly  more  copper  sulphate  solution  than  is  required,  as  shown 
by  the  ferric  chloride  indicator  applied  as  above  ;  too  little  copper 
sulphate  causing  decomposition  even  with  pure  ferrocyanide.  The 
solution  is  next  filtered,  poured  into  hot  ferric  chloride  solution 
(containing  60  grammes  ferric  chloride,  and  200  c.c.  per  litre  of 
hydrochloric  acid  of  1*19  specific  gravity),  and  the  whole  filtered 
at  about  80°  C.  The  precipitate  is  washed  somewhat  with  hot 
water,  decomposed  with  a  10  per  cent,  solution  of  caustic  potash, 
and  the  filtrate  titrated  with  the  standard  cupric  sulphate 
solution.  If  it  be  thought  desirable,  the  filtrate  from  the 
prussian  blue  precipitate  may  be  retreated  in  the  same  way, 
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and  the  numbers  obtained  by  titration  added  as  a  correction  to 
the  first  result.1 

Instead  of  using  cupric  sulphate,  a  solution  of  ferric  sulphate 
or  chloride  may  be  employed.  When  this  is  added  with  vigorous 
agitation  to  a  liquid  containing  a  soluble  ferrocyanide,  a  deep  blue 
liquid  results,  which  on  a  further  addition  becomes  turbid,  and 
when  exactly  sufficient  iron  solution  has  been  added  for  the 
reaction,  3K4Cfy  +  4FeCl3  =  12KCl  +  Fe4Cfy3,  the  prussian  blue 
coagulates,  and  the  liquid  becomes  perfectly  clear.  The  end- 
reaction  may  also  be  observed  as  in  the  last  process.  If  thio- 
cyanates  be  present,  the  least  excess  of  iron  solution  will  cause 
the  liquid  to  assume  a  deep  red  colour.  The  change  from  blue 
to  red  furnishes  a  very  definite  end-reaction. 

This  process  may  be  conveniently  employed  for  the  assay  of 
ferrocyanide  in  dye-vats  and  in  "metal,"  which  is  the  name  given 
to  the  crude  product  in  the  manufacture  of  ferrocyanide.  In  the 
case  of  alkaline  liquids,  the  solution  must  be  first  acidulated  with 
dilute  sulphuric  or  nitric  acid. 

When  the  mother-liquors  of  ferrocyanide  works  containing  15 
per  cent,  or  less  of  potassium  ferrocyanide  are  to  be  assayed,  J. 
Tscherniac  (Zeits.  Anal.  Chem.',  abst.  Chem.  News,  xlvii.  254) 
operates  as  follows : — Ten  c.c.  measure  of  the  solution  is  poured 
into  70  c.c.  of  alcohol  of  95  per  cent.,  to  which  a  little  acetic  acid 
has  been  previously  added.  The  precipitated  ferrocyanide,  after 
washing  with  alcohol  of  90  per  cent,  until  the  washings  are  colour- 
less, is  dried  at  100°  C.  on  the  filter,  dissolved  in  water,  and 
titrated  with  standard  permanganate  solution. 

The  following  method  for  the  examination  of  ferrocyanides, 
and  for  determining  the  value  of  prussiate  melt  and  estimating 
the  ferrocyanide  in  spent  "  mass  "  from  the  gas  purifiers  has  been 
described  by  R.  Zaloziecki  (Zeits.  Anal.  Chem.,  xxx.  484  ;  abst. 

1  Moldenhauer  and  Leybold  state  that,  when  using  Knublauch's  method,  the 
end  of  the  titration  was  often  uncertain.  They  recommend  the  following  pro- 
cedure : — 50  grammes  of  the  spent  substance  are  placed  in  a  flask  with  100  c.c. 
of  a  solution  of  1 0  per  cent,  caustic  soda  and  2  per  cent,  sodium  carbonate, 
heat  is  applied  to  hasten  the  decomposition,  and  the  whole  then  diluted  to 
1030  c.c.  100  c.c.  of  the  filtrate  is  evaporated  down  in  a  platinum  or  porce- 
lain basin  and  treated  with  25  c.c.  of  dilute  sulphuric  acid  (10  per  cent.). 
After  further  evaporation  the  excess  of  acid  is  driven  off  and  the  organic 
matter  destroyed  by  ignition.  The  yellow  residue  consists  of  ferric  sulphate 
and  sodium  sulphate,  which  is  dissolved  in  dilute  sulphuric  acid.  The  iron 
is  reduced  to  the  ferrous  state  by  means  of  zinc  and  titrated  with  perman- 
ganate solution.  From  the  iron  thus  found  the  amount  of  prussian  blue  is 
calculated.  A  blank  experiment  should  be  made  to  ascertain  the  amount  of 
a  slight  correction  for  impurities  in  the  zinc. 
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Chem.  News,  1891,  p.  207).  It  is  based  on  the  fact  that  ferro- 
cyanide  of  potassium  or  sodium  may  be  completely  precipitated  in 
the  form  of  double  ferrocyanides  of  zinc  and  alkali  metal  by  the 
addition  of  zinc  carbonate,  and  subsequent  passage  of  a  current  of 
carbonic  acid  gas.  The  double  ferrocyanide  is  then  transformed 
into  the  corresponding  sodium  or  potassium  carbonate,  and  the 
quantity  of  ferrocyanide  originally  present  found  by  titrating  the 
alkaline  carbonate  formed.  According  to  Zaloziecki,  3  molecules 
of  potassium  ferrocyanide  yield  on  decomposition  2  molecules  of 
zinc  ferrocyanide,  whilst  1  molecule  of  potassium  ferrocyanide 
remains  undecomposed.  The  double  salt,  therefore,  corresponds  to 
the  formula  2Zn2FeCy6-fK4FeCy6,  its  decomposition  by  the  zinc 
carbonate  being  represented  by  the  following  equation  : — 

3K4FeCy6  +  4ZnC03  =  2Zn2FeCy6 + K4FeCy6  +  4K2C03 . 

With  potassium  ferrocyanide  the  reaction  takes  place  hot  or  cold. 
With  sodium  ferrocyanide  the  above  .reaction  only  takes  place  in 
hot  solution ;  the  reaction  in  the  cold  giving  a  double  salt  poorer 
in  zinc.  For  this  reason,  it  is  necessary  always  to  operate  with  hot 
solutions.  Four  parts  of  carbonate  found,  therefore,  correspond 
to  three  parts  of  the  ferrocyanide  in  the  original  substance. 

A  very  simple  method  of  determining  small  quantities  of  ferro- 
cyanides present  in  soda-lyes  has  been  described  by  F.  Hurter 
(Chem.  News,  xxxix.  25).  These  liquors  contain  sodium  ferro- 
cyanide, cyanate,  and  thiocyanate,  but  of  these  the  first  only  is 
objectionable,  on  account  of  the  brownish  colour  it  imparts  to  the 
finished  product.  Sodium  cyanide  may  occasionally  be  present,  in 
which  case  it  may  be  converted  into  ferrocyanide  by  adding  a 
small  quantity  of  ferrous  sulphate,  boiling,  and  filtering.  The 
following  are  the  details  of  Hurter's  method: — 100  c.c.  of  the 
strong  soda-lye  are  boiled  with  solution  of  bleaching  powder 
in  quantity  sufficient  to  convert  all  sulphides  and  thiosulphates 
into  sulphates,  and  the  ferrocyanide  into  ferricyanide.  The 
liquid  is  then  acidified  and  freed,  as  far  as  possible,  from 
the  excess  of  chlorine  by  warming  and  agitating  it.  It  is 
then  titrated  with  ^  solution  of  cupric  nitrate,  prepared  by  dis- 
solving 3*170  grammes  of  metallic  copper  in  as  little  nitric  acid 
as  possible,  and  diluting  to  1  litre.  On  adding  this  solution  to 
the  acidulated  liquid  containing  ferricyanide,  a  yellow  precipitate 
of  cupric  ferricyanide  is  formed.  Drops  of  the  thoroughly- 
mixed  liquid  are  taken  up  with  a  glass  rod,  and  added  to  drops  of 
a  1  per  cent,  solution  of  crystallised  ferrous  sulphate  on  a  porce- 
lain plate.  As  long  as  insufficient  copper  solution  has  been  added 
to  combine  with  the  whole  of  the  ferricyanide  present,  the  deep 
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blue  ferrous  ferricyanide  is  formed  on  the  porcelain.  When  the 
liquid  no  longer  contains  soluble  ferricyanide,  the  indicator  acts  on 
the  copper  precipitate,  and  reduces  it  to  the  characteristic  choco- 
late-coloured cupric  ferro cyanide.  Hence,  the  end  of  the 
reaction  is  indicated  by  a  brown  colour  being  produced  on  the 
porcelain  instead  of  the  blue  first  obtained.  Each  c.c.  of  the 
copper  solution  added  before  this  result  is  obtained  represents 
"01013  gramme  of  sodium  ferrocyanide  in  the  liquid.  The 
method  is  not  suitable  for  the  determination  of  large  quantities 
of  ferrocyanides,  as  the  colour  of  the  copper  precipitate  obscures 
the  blue  colour,  and  the  precipitate  is  not  always  of  definite  com- 
position. 

G.  Lunge,  in  comparing  this  method  with  the  permanganate 
method  described  on  p.  465,  used  (Jour.  Soc.  Chem.  Ind.,  1882, 
91)  a  modification  suggested  by  Schappi,  which  consisted  in  avoid- 
ing the  excess  of  bleaching  powder  solution  used  for  oxidation 
purposes ;  he  finds,  however,  that  the  modification  is  unsuitable 
when  soda-liquors  are  under  examination,  and  therefore  recom- 
mends Hurter's  original  process  as  described  above. 

It  is  evident  that  this  process  is  also  adapted  for  the  direct 
estimation  of  small  quantities  of  ferricyanide,  into  which  the 
ferrocyanide  has  first  to  be  converted. 

K.  Zulkowsky  (abst.  Jour.  Chem.  Soc.,  1884,  501)  recom- 
mends a  process  for  the  assay  of  ferrocyanide  melt  which  is  based 
on  the  reaction  which  occurs  between  potassium  ferrocyanide  and 
a  soluble  zinc  salt.  A  standard  solution  of  zinc  sulphate  is 
acidified  with  sulphuric  acid,  heated  to  boiling,  and  the  ferro- 
cyanide solution  next  run  in  from  a  burette.  The  point  when 
ferric  chloride  gives  a  blue  coloration  to  a  strip  of  filter-paper 
moistened  with  a  drop  of  the  mixed  solutions  shows  the  end- 
reaction.  Care«must  be  taken  that  none  of  the  zinc  precipitate 
touches  the  ferric  chloride  on  the  filter-paper. 

In  applying  the  above  process,  R.  Gasch  (abst.  Jour.  Chem. 
Soc.,  1890,  834)  employs  a  1  per  cent,  solution  of  uranium 
acetate,  with  which  indicator  ferrocyanides  give  a  brown  coloration. 
Gasch  also  uses  a  standard  2  per  cent,  solution  of  potassium  ferro- 
cyanide, against  which  he  titrates  the  zinc  solution,  instead  of 
using  a  standard  solution  of  zinc  sulphate  as  in  the  original  process 
of  Zulkowsky.  For  the  determination  of  ferrocyanides  in  old  gas 
waste,  &c.,  Gasch  rubs  20  grammes  of  the  substance  in  a  mortar 
with  15  to  20  per  cent,  of  caustic  soda,  when  warm  water  is  added 
until  the  solution  is  of  a  thin  consistency.  It  is  next  made  up  to 
a  known  volume,  filtered,  and  poured  into  a  burette,  and  titrated 
as  above,  using  uranium  acetate  solution  as  indicator.  When  the 
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ferrocyanide  is  only  present  in  very  small  amount,  it  is  preferably 
precipitated  as  prussian  blue,  filtered,  and  dissolved  in  caustic 
alkali  solution,  when  it  is  titrated  as  in  the  preceding  case. 

POTASSIUM  FERROCYANIDE.  K4FeCy6,  i.e.,  4KCy,FeCy2;  or  K4Cfy. 

This  important  salt,  known  in  commerce  as  "yellow  prus- 
siate  of  potas h," l  crystallises  in  amber-yellow,  deeply  trun- 
cated octahedra  of  the  quadratic  system,2  often  having  the 
appearance  of  tables.  The  crystals  have  a  very  perfect  cleavage 
at  right  angles  to  the  principal  axis.  In  a  crystalline  state  potas- 
sium ferrocyanide  contains  3H20,  the  whole  of  which  is  expelled 
at  100°  C.  At  a  red  heat  the  salt  is  decomposed  into  potassium 
cyanide,  iron  carbide,  and  nitrogen  gas. 

Potassium  ferrocyanide  is  tolerably  stable  at  ordinary  tempera- 
tures, both  in  the  solid  state  and  in  solution.  The  salt  is 
soluble  in  four  parts  of  cold  or  in  two  of  boiling  water ;  but  is 
insoluble  in  alcohol.  It  has  a  perfectly  neutral  reaction  to 
litmus,  methyl-orange,  and  phenolphthalein.  It  is  not  poisonous 
(Carles,  Jour.  Chem.  Soc.,  Iviii.  281).  Dilute  acids  liberate 
hydroferrocyanic  acid  from  potassium  ferrocyanide.  By  moderately 
dilute  hot  sulphuric  acid  the  salt  is  decomposed  with  evolution 
of  hydrocyanic  acid  (see  page  443).  When  heated  with 
excess  of  strong  sulphuric  acid,  carbon  monoxide  is  evolved 
as  gas,  and  potassium,  ammonium  and  iron  sulphates  are  formed : — 

K4FeC6N6  +  6H2S04  +  6H2O  -  6CO  +  2K2S04  +  3(NH4)2S04  +  FeS04. 

The  manufacture  of  potassium  ferrocyanide  is  described  on 
page  463,  and  its  analytical  reactions  on  page  464. 

The  physiological  action  of  potassium  ferrocyanide  on  animals 
has  been  investigated  by  Combemale  and  Dubiquet  (abst. 
Jour.  Chem.  Soc.,  1891,  p.  99).  Their  results  show  that  this  salt 
is  not  poisonous,  even  when  given  to  animals  in  doses  of  2 
grammes  per  kilogramme  of  body-weight.  In  those  animals  which 
do  not  vomit,  a  diuretic  action  is  observed  three  hours  after  the 
administration  even  in  small  doses.  Repeated  doses  of  the  salt 
cause  intestinal  troubles  in  the  dog,  and  vomiting  ensues  if  the 
dose  given  exceeds  80  centigrammes  per  kilogramme  of  body- 
weight.  It  is  pointed  out  by  the  above-named  observers  that 
potassium  ferrocyanide,  in  its  passage  through  the  body,  is  trans- 
formed into  the  ferricyanide,  and  as  such  is  eliminated  in  the 
urine.  They  suggest  that  its  diuretic  action  may  be  due  to  this 
transformation. 

1  German  : — Blutlaugensalz.     French  : — Prussiate  jaune  de  potasse. 
-  The  crystalline  form  of  potassium  ferrocyanide  is,  according  to  recent 
researches,  more  probably  monoclinic. 
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SODIUM  FERROCYANIDE,  Na4FeCy6,  crystallises  in  transparent, 
yellow,  oblique  rhombic  prisms,  containing,  according  to  L.  Pebal, 
ten  molecules  of  water  of  crystallisation  (Jour.  Chem.  Soc.,  1. 
860).  The  crystals  effloresce  and  fall  to  powder  on  exposure  to 
warm  air.  The  salt  is  soluble  in  4j  parts  of  cold  water,  but  is 
insoluble  in  alcohol.  Sodium  ferrocyanide  is  manufactured  on  a 
considerable  scale  in  Philadelphia. 

PRUSSIAN  BLUE. 

Prussian  blue  is  commonly  described  as  ferric  ferrocyanide, 
a  compound  which  contains  Fe7Cy18;  i.e.,  3FeCy2,4FeCy3.  The 
commercial  product,  however,  is,  or  may  be,  a  mixture  of  true 
Prussian  blue  with  Turnbull's  blue,  Williamson's  blue,  and  possibly 
other  cyanides  of  iron.  The  following  formulae  show  the  relation- 
ship of  these  and  allied  compounds  (Cfy  being  FeC6N6) : — 


Fe3Cy6 

Ferrous  Ferrocyanide. 

Fe2"Cfy'v 

K2Fe2Cy6 

Potassio-ferrous  Ferrocyanide.    Everitt's  salt. 

K2Fe"Cfy'* 

KFe2Cy6 
K2Fe4Cy12 
Fe7Cy18 

Potassio-ferric   Ferrocyanide.1     Williamson's 
blue. 
Di-potassio-diferric    Diferrocyanide.     Soluble 
Prussian  blue. 
Ferric  Ferrocyanide.    Prussian  blue. 

KFe'"Cfyiv 
K2Fe2'"Cfy2" 
Fe4'"Cfy3iv 

KFe2Cy6 
Fe5Cy12 

Potassio-ferrous  Ferricyanide.i    Williamson's 
blue. 
Ferrous  Ferricyanide.    Turnbull's  or  Gmelin's 
blue. 

KFe"Cfy'" 
Fe3"Cfy2'" 

Prussian  blue 2  is  obtained  in  the  manner  and  has  the  properties 
described  on  page  465.  When  dry  it  forms  a  dark  blue  amor- 
phous substance,  having  a  strong  coppery  lustre  and  conchoidal 

1  Which  of  the  formulae  given  for  Williamson's  blue  is  correct  is  uncertain, 
and  the  problem  is  apparently  beyond  solution.      KFe"'Cfylv  and  KFe"Cfy'" 
have  the  same  ultimate  composition,  and  yield  the  same  products  on  treatment 
with  alkalies.     Soluble  Prussian  blue  appears  to  be  isomeric  with  William- 
son's blue. 

2  Prussian  blue  is  manufactured  in  a  great  variety  of  shades.     The  lighter 
are  useful  for  the  manufacture  of  zinc-greens,  whilst  the  darker  are  employed 
for  the  preparation  of  chrome-greens.     According  to  J.  C.   G  e  n  t  e  1  e,  the 
best  blues  are  obtained  by  treating,  in  the  first  instance,  a  ferrous  salt  with 
yellow  prussiate,  and  then  oxidising  the  resultant  bluish-white  precipitate 
of  ferrous  ferrocyanide.      This  may  be  effected  by  nitric  acid,  bleaching 
powder,  and  hydrochloric  acid,  &c.      In  the  process  of  Crowther  and 
Rossiter   (English  Patent,   No.    17,846,    1893),  ferrous   ferrocyanide,   or 
Everitt's    salt,  is   suspended  in  strongly  acidulated  water  and  submitted 
to  electrolysis.     A  blue  of  extremely  vivid  violet  reflex  is  obtained  at  the 
anode.     The  hydrogen  evolved  at  the  cathode  can  be  taken  up  by  manganese 
dioxide  or  organic  nitro-derivatives. 

The  pigment  which  in  German  commerce  goes  by  the  name  of  ' '  Prussian 
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fracture.  The  characteristics  of  good  prussian  blue  are  lightness  ; 
and  a  deep,  fine,  blue  colour.  A  coppery  lustre  is  usual,  but  not 
an  essential  character.  Prussian  blue  should  adhere  strongly  to 
the  tongue.  It  should  not  effervesce  with  acids,  nor  thicken  when 
boiled  in  water. 

Prussian  blue  is  often  adulterated  with  alumina,  starch,  barium 
sulphate,  calcium  carbonate,  &c.  The  last  may  be  detected  by  the 
effervescence  on  addition  of  dilute  hydrochloric  acid.  In  the  solu- 
tion obtained  by  digestion  with  the  acid  for  some  time,  alumina 
may  be  detected  by  addition  of  ammonia.  Starch  may  be  detected 
by  boiling  the  sample  with  water,  which  will  produce  paste  in 
prssence  of  a  large  proportion.  Smaller  quantities  may  be  detected 
by  digesting  the  finely-powdered  sample  with  magnesia  and  water  in 
the  cold  ;  the  residue  is  filtered  and  washed,  and  treated  with  cold 
dilute  hydrochloric  acid.  The  oxide  of  iron  and  excess  of  magnesia 
are  dissolved,  and  the  residual  starch  can  be  weighed,  examined 
under  the  microscope,  and  tested  with  iodine.  Any  china-clay 
and  barium  sulphate  will  remain  with  the  starch,  and,  after 
removing  the  latter  by  ignition  or  boiling  with  water,  the  residue 
may  be  examined  with  a  view  to  their  recognition. 

The  proportion  of  real  ferrocyanide  contained  in  prussian  blue 
may  be  determined  by  treating  the  sample  with  caustic  alkali, 
filtering  from  the  iron  oxide,  and  determining  the  ferrocyanide  in 
the  filtrate  as  described  on  page  465  et  seq.1 

The  colouring  power  of  prussian  blue  may  be  tested  by  grinding 
the  sample  with  a  large  proportion  of  white-lead  and  oil,  and 
comparing  the  colour  with  that  given  by  a  standard  sample  of 
known  purity. 

Ferricyanides. 

3MCy,FeCy3;  i.e.,  M3(FeCy6)'" ;  M3Cfy'";  or  M3Cfdy'". 

The  ferricyanides  may  be  regarded  as  compounds  of  ferric 
cyanide,  FeCy3,  with  the  cyanide  of  some  other  metal  or  basylous 
radical.     They  are  obtained  by  the  action    of  chlorine   or  other 
oxidising  (i.e.,  dehydrogenating)  agents  on  the  ferrocyanides : — 
2M4FeCy6  +  C12  =  2MC1  +  2M3FeCy6 . 

blue"  is  "Paris  blue"  (i.e.,  the  best  quality  of  ferrocyanogen-blue)  mixed 
with  starch,  barium  sulphate,  gypsum,  burned  and  finely  ground  kaolin,  or 
other  diluents.  Very  low  varieties  of  blue  are  often  "faced"  by  making 
the  dried  blue  rotate  in  a  cask  charged  with  fine  dust  of  pure  Paris  blue. 

1  Parry  and  Coste  (Analyst,  1896)  find  that  if  the  nitrogen  of  com- 
mercial prussian  blue  (as  determined  by  KjeldahPs  process)  be  multiplied  by 
4 '4,  or  the  total  iron  by  3 '03,  the  product  represents  very  closely  the  amount 
of  pigment  in  the  sample. 
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Potassium  ferricyanide  is  manufactured  in  practice  by 
acting  on  potassium  ferrocyanide,  either  as  coarse  powder  or  in 
solution,  by  chlorine  gas.  The  product  is  separated  from  the 
potassium  chloride  by  crystallisation.  The  mother-liquor  is 
employed  for  preparing  Turnbull's  blue  (page  477)  by  precipi- 
tation with  ferrous  sulphate.  The  crude  mixture  of  potassium 
ferricyanide  and  chloride  is  sometimes  employed  direct  by 
calico-printers. 

The  above  process  of  preparing  potassium  ferricyanide  is  unsatis- 
factory as  a  laboratory  method,  since  iron  ferrocyanides  ("  Prussian 
green  >J1)  are  simultaneously  formed. 

M.  S.  Walker  (Am.er.  Chem.  Jour.,  xvii.,  1895,  p.  68)  prefers 
to  use  potassium  permanganate  as  the  oxidising  agent.2 

In  the  laboratory,  potassium  ferricyanide  is  readily  prepared  by 
treating  potassium  ferrocyanide  with  an  equivalent  quantity  of 
bromine.3 

1  Prussian  green  may  be  prepared  by  saturating  a  solution  of  potassium 
ferricyanide  with  chlorine,  excluding  the  light,  and  heating  the  liquid  to 
boiling.     The  product  is  allowed  to  cool  in  a  current  of  chlorine,  and  the 
excess  of  chlorine  washed  out  with  cold  water. 

A.  M.  Clark  (English  Patent,  No.  22,558,  1891)  treats  a  mixture  of 
potassium  and  calcium  ferrocyanides  with  potassium  permanganate,  when 
the  following  reaction  is  stated  to  occur : — 

SCa.Cfy^  +  7K4Cfyiv  +  2KMn04=  10K3Cfy'"  +  2MnO  +  6CaO. 

The  manganous  oxide  and  the  greater  part  of  the  lime  remain  undis- 
solved,  and  the  small  quantity  of  the  latter  base  which  is  contained  in  the 
filtered  liquid  may  be  precipitated  by  carbonic  acid.  An  equally  pure  product 
is  said  to  be  obtainable  by  electrolysis. 

2  Walker  operates  as  follows  : — Twenty-six  parts  of  potassium  ferrocyanide 
are  dissolved  in  200  c.c.  of  cold  water,  and  8  parts  of  strong  hydrochloric 
acid  added.     Two  parts  of  potassium  permanganate  in  300  parts  of  water  are 
then  introduced  slowly.     The  solution  should  give  a  brown  colour,  but  no 
precipitate  with  ferric  chloride  solution.     The  excess  of  acid  is  neutralised 
with  calcium  or  barium  carbonate,  and  the  solution  evaporated  on  the  water- 
bath.      The   first  crystals  will   be  pure,    whilst  the  subsequent  crops  of 
crystals   may  contain   chlorides,    which   can   be  eliminated  by   fractional 
crystallisation. 

3  The  action  of  bromine  on  potassium  ferricyanide  when  heated  in  sealed 
tubes  to  1 00°-120°  C.  is  somewhat  complex,  and  has  been  investigated  by 
E.  J.  Reynolds  (Jour.  Chem.  Soc.,  liii.  767). 

K.  Seuberlich  (abst.  Jour.  Chem.  Soc.,  1881,  p.  239)  has  pointed  out 
the  conditions  of  success  in  the  preparation  of  potassium  ferricyanide  from 
ferrocyanide  and  lead  peroxide.  Since  free  alkali  is  formed  in  the  reaction,  it 
must  be  neutralised  by  the  addition  of  an  acid.  A  solution  of  potassium 
ferrocyanide  is  treated  in  the  cold  with  the  required  quantity  of  dilute 
hydrochloric  acid  and  an  excess  of  lead  peroxide.  The  ferricyanide  is 
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By  the  action  of  iodine  on  its  hot  aqueous  solution,  potassium 
f erricyanide  is  converted  into  a  new  salt,  potassium  perfeiricyanide, 
of  the  formula  K2FeCy6. 

Neither  the  iron  nor  the  cyanogen  of  ferricyanides  can  be 
recognised  by  the  ordinary  tests,  and  the  salts  as  a  class  are  not 
violently  poisonous.  The  ferricyanides  of  the  light  metals  have  a 
red  colour,  and  are  soluble  in  water.  The  ferricyanides  of  the 
heavy  metals  are  mostly  insoluble. 

By  the  action  of  heat  and  strong  acids,  the  ferricyanides  are 
decomposed  in  a  very  similar  manner  to  the  ferrocyanides  (p. 
443). 

An  aqueous  solution  of  potassium  ferricyanide  gives  the  follow- 
ing reactions : — 

1.  Sulphuretted   hydrogen   readily   reduces    ferricyanide    with 
formation  of  a  ferrocyanide. 

2.  In  presence  of  caustic  alkali,  stannous,  manganous,  ferrous, 
plumbous,  and  chromic  oxides  reduce  ferricyanides  to  ferrocyanides. 
Alcohol,  oxalates,  cyanides,  sulphites,  and  phosphites  also  exert  a 
reducing  action,  and    indigo   is    bleached.       Sugar,   starch,    and 
cellulose  likewise  reduce  ferricyanide.     Prud'homme  (abst.  Jour. 
Client.  Soc.,  1891,  page  410)  has  described  a  number  of  cases  in 
which  these  and  similar  reactions  are  reversed. 

3.  Hydrogen  peroxide  is  decomposed  by  alkaline  ferricyanide, 
with  evolution  of  oxygen  (see  page  476). 

4.  When  boiled  with  yellow  mercuric  oxide  and  water,  ferri- 

obtained  from  the  filtered  liquid  by  concentration,  when  it  crystallises  out 
almost  pure.  Schonbein's  method  (abst.  Jour.  Chem.  Soc.,  1881, 
p.  323)  consists  in  passing  a  stream  of  carbon  dioxide  through  the  boiling 
mixture  of  ferrocyanide  and  lead  peroxide. 

A  similar  process  for  the  manufacture  of  potassium  ferricyanide  has  been 
described  by  G.  Kassner  (Chem.  Zeit.,  xiii.  1701  ;  abst.  Jour.  Soc.  Chem. 
2nd.,  ix.  p.  391).  It  consists  in  adding  calcium  plumbate  to  a  solution  of 
potassium  ferrocyanide  and  passing  a  stream  of  carbonic  acid  gas  when  the 
reaction  proceeds  according  to  the  equation  : — 

2K4FeCy6  +  Pb02(CaO)2  +  4C02 = 2K3FeCy6  +  K2C03  +  PbC03  +  2CaC03 . 

The  carbonates  of  lead  and  calcium  separate  as  an  insoluble  precipitate  which 
can  be  filtered  off  and  regenerated  by  a  simple  roasting,  whilst  the  solution 
contains  potassium  ferricyanide  in  a  pure  form  and  potassium  carbonate 
as  a  valuable  by-product.  The  calcium  plumbate  is  prepared  by  roasting  oxide 
or  carbonate  of  lead  with  calcium  carbonate  at  a  low  red  heat.  In  the  con- 
version of  potassium  ferrocyanide  into  ferricyanide  by  means  of  lead  peroxide 
a  quantity  of  potassium  hydrate  is  set  free  which  must  be  neutralised  in 
some  way  before  the  reaction  can  go  on  to  completion,  and  carbonic  acid 
suffices  for  the  neutralisation. 
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cyanides  are  completely  decomposed  with  formation  of  mercuric 
cyanide  and  precipitation  of  oxide  of  iron. 

5.  Silver  nitrate  precipitates  orange-red  argentic  ferricyanide, 
Ag3FeCy6,  insoluble  in  dilute  nitric  acid,  but  soluble  in  ammonia. 

6.  Ferrous  sulphate  produces  a  deep  blue  precipitate  (Turnbull's 
blue)    of    ferrous    ferricyanide,    Fe3"(FeCy6)2,   insoluble   in 
dilute  acids,  but  decomposed  by  hot  caustic  alkali  with  formation 
of  soluble  ferrocyanide  and  black  ferroso-ferric  oxide.     This 
reaction  distinguishes   it   from,  prussian  blue,  which    in    appear- 
ance it    closely  resembles,  but  which  yields  yellow-brown  ferric 
hydroxide,  without  any  ferrous  oxide,  on  boiling  with  alkalies. 

7.  Ferric  chloride,  if  free  from  ferrous  salt,  produces  merely  a 
brownish  coloration  in  solutions  of  ferricyanides  free  from  ferro- 
cyanides.     The  resultant  liquid  is  a  very  delicate  test  for  reducing 
bodies    which    cause    the    formation   of    a   blue    precipitate   (see 
Ptomaines,  page  328). 

8.  When  boiled  with  potassium  cyanide,  a  solution  of  potassium 
ferricyanide  is   reduced  to  ferrocyanide,   whilst  free  hydrocyanic 
acid,  ammonia,  and  carbon  dioxide  are  simultaneously  formed. 

9.  When  treated  with  a  nitrite  and  acetic  acid,  ferricyanides  are 
converted  into  nitroprussides  (see  page  477). 

DETERMINATION  OF  FERRICYANIDES. 

Ferricyanides  may  be  determined  by  boiling  with  ferrous  sul- 
phate and  caustic  alkali,  filtering,  and  determining  the  ferrocyanide 
in  the  filtrate  by  permanganate  (see  page  465).  Sodium  sulphite 
or  thiosulphate  may  be  substituted  for  the  ferrous  sulphate,  if 
the  process  with  a  ferric  solution  described  on  page  467  be  used 
instead  of  titration  with  permanganate.  In  either  case,  any  pre- 
existing ferrocyanide  must  be  determined  in  a  separate  portion, 
and  the  quantity  subtracted  from  the  total  amount  found. 

Another  method  is  to  mix  the  dilute  solution  of  the  ferricyanide 
with  potassium  iodide  and  hydrochloric  acid  in  excess,  add  an 
excess  of  solution  of  iron-free  zinc  sulphate,  neutralise  the  free 
acid  with  a  slight  excess  of  sodium  bicarbonate,  and  determine 
the  liberated  iodine  by  standard  sodium  thiosulphate  (hyposul- 
phite) and  starch.  The  reaction  is  as  follows : — 

2K3FeCy6  +  4ZnS04  +  2KI  +  2Na2Sa03  =  4K2S04  +  2Zn2FeCy6  +  2NaI  +  Na^Og. 

Each  c.c.  of  decinormal  thiosulphate  required  to  react  on  the 
liberated  iodine  represents  0'0329  gramme  of  potassium  ferri- 
cyanide. 

A  very  simple  and  fairly  accurate  method  of  determining  small 
quantities  of  ferricyanides  is  described  on  page  469. 

J.  Quincke  (Zeits.  anal.  Chem.,  xxxi.  1  ;  abst.  Jour.  Chem. 


476  POTASSIUM  FERRICYANIDE. 

Soc.,  1892,  p.  527)  has  shown  that  the  action  of  caustic  alkali 
and  hydrogen  peroxide  on  potassium  ferricyanide  proceeds  quanti- 
tatively according  to  the  equation  : — 

2K3FeCy6 + 2KHO  +  H202  =  2K4FeCy6  +  2H20  +  02  .l 

The  volume  of  oxygen  evolved  is  therefore  a  measure  of  the 
ferricyanide  present. 

The  best  mode  of  operating  is  to  introduce  5  or  10  c.c.  of  the 
solution  of  the  ferricyanide  into  the  closed  tube  of  a  nitrometer 
filled  with  mercury,  and  then  run  in  an  equal  measure  of  caustic 
soda  solution  through  the  tap.  This  is  followed  by  a  solution 
of  hydrogen  peroxide,  and  the  contents  of  the  nitrometer  are 
mixed  by  agitation.  More  hydrogen  peroxide  is  then  added  to 
ensure  the  completion  of  the  reaction,  when  a  measure  of  water, 
equal  to  the  combined  aqueous  liquids,  is  poured  into  the  open 
limb,  the  level  of  the  mercury  in  the  two  limbs  adjusted,  and  the 
volume  of  gas  read  off.  1  c.c.  of  oxygen  at  0°  C.  and  760  mm. 
=  0'02945  gramme  potassium  ferricyanide,  or  '0279  gramme  at 
the  ordinary  temperature  and  pressure. 

Barium  peroxide  dissolved  in  hydrochloric  acid  may  be  substi- 
tuted for  the  hydrogen  peroxide,  provided  that  an  excess  of 
strongly  alkaline  ferricyanide  be  employed. 

POTASSIUM  FERRIC YANIDE,  K3FeC6N6  =  3KCy,FeCy3  =  K3FeCy6. 
— This  salt,  known  in  commerce  as  "  red  prussiate  of  potash,"2 
crystallises  in  ruby-red  monoclinic  prisms,  which  are  anhydrous. 
Potassium  ferricyanide  has  an  aperient  action,  but  is  not  poison- 
ous. It  is  soluble  in  2J  parts  of  cold,  or  1^  of  boiling  water. 
The  solution  has  a  strong  yellow  colour.  By  exposure  to  light, 
or  evaporation  to  dryness,  potassium  ferricyanide  is  partially 
decomposed  with  formation  of  ferrocyanide.  The  change  is 
hastened  by  the  presence  of  potassium  oxalate,  mercuric  chloride, 
&c.  Ammonium  ferricyanide  is  reduced  by  light  more  readily 
than  the  potassium  salt.  Paper  wetted  with  mixed  solutions  of  a 
ferricyanide  and  ferric  chloride  becomes  blue  on  exposure  to  light, 
a  fact  utilised  in  photography  to  obtain  the  so-called  "  ferrotype  " 
prints. 

1  G.  Kassner  (abst.  Jour.  Chem.  Soc.,  1890,  p.  834)  proposes  to  deter- 
mine the  ferrocyanide  formed  in  the  above  reaction,  and  so  obtain  an  estimate 
of  the  amount  of  ferricyanide  originally  present.     After  acidulating  the  cooled 
liquid  with  dilute  sulphuric  acid,  and  boiling  off  the  excess  of  hydrogen  per- 
oxide, it  is  titrated  with  standard  permanganate  solution.     Kassner  also 
recommends  the  reaction  as  a  convenient  means  of  preparing  pure  oxygen. 

2  German  :  —  Ferridcyankalium,    or    Rothesblutlangensalz.       French  : — 
Prussiate  rouge  de  potasse. 
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FERROUS  FERRICYANIDB,  or  TURNBULL'S  BLUE,  Fe5Cy12;  or, 
Fe3"(FeCy6)2'". — Turnbull's  blue  resembles  prussian  blue,  but  its 
colour  is  lighter,  and  is  almost  free  from  the  coppery  lustre  of  the 
latter  pigment.  Some  of  its  properties  have  been  described  on 
page  475. 

The  composition  and  constitution  of  Turnbull's  blue,  as  com- 
pared with  that  of  Prussian  blue,  have  been  investigated  by  J.  E. 
Reynolds  {Jour.  Chem.  Soc.,  li.  644),  whose  results  showed  that 
the  two  blues  were  not  identical,  being  represented  respectively 
by  Williamson's  formulae  Fe5Cy12  and  Fe7Cylg.  An  estimation  of 
the  water  in  well-dried  samples  gave  results  approximating  to  the  ' 
composition  Fe5Cy12,  12H2O,  and  Fe7Cy18,  14H20. 

J.  Messner  (abst.  Jour.  Chem.  Soc.,  1895,  page  486)  con- 
siders that,  since  the  percentage  composition  of  the  two  blues  is  so 
similar,  the  result  of  quantitative  analysis  is  inconclusive.1 

Nitroso-ferricyanides.2    Nitroprussid.es. 

M2FeCy6(NO). 

When  a  ferrocyanide  is  heated  with  nitric  acid,  or  when  a 
ferricyanide  is  treated  with  nitrous  acid,  a  substitution-product  is 
formed  in  which  one-sixth  of  the  cyanogen  is  replaced  by 
nitrosyl.  The  nitrous  acid  may  be  conveniently  substituted  by 
a  mixture  of  a  nitrite  with  acetic  acid,  and  the  addition  of  mercuric 
chloride  is  advantageous  as  a  means  of  converting  the  cyanogen 
into  a  stable  compound.3  The  reaction,  which  is  very  complex, 
is  generally  represented  as  follows  : — 

2K3FeCy6  +  4NaN02  +  2HA + HgCl2  =  2Na2FeCy5(NO)  + 
HgCy2  +  2KC1  +  2KA  +  KN02  +  KN03  +  H20. 

Potassium  nitroprusside  may  also  be  obtained  by  adding  potas- 
sium cyanide  to  ferrous  sulphate  solution,  and  heating  the  brown 
precipitate  with  potassium  nitrite  : — 

a.  5KCy  +  2FeS04  =  KFe«/'Cy5  +  2K2S04;  and, 

b.  2KFe2"Cy5  +  2KN02  =  2K2FeCy6(NO)  +  2FeO. 

1  Messner  erroneously  states  that  both  Turnbull's  blue  and  Prussian  blue 
yield  a  ferrocyanide  and  ferric  hydroxide  by  the  action  of  alkalies  ;  but  as  a 
fact  the  former  compound  yields  black  ferroso- ferric  oxide  (hydrated)  and  the 
latter  brown  ferric  oxide,  the  reactions  being  respectively  : — 

For  Turnbull's  blue,  Fe3"Cfy2"'  +  8K(OH)  =  2K4Gfylv+2Fe(OH)3  +  Fe(OH)2. 
For  prussian  blue,      Fe4'"Cfy3lv  +  12K(OH)  -  3K4Cfyiv  +  4Fe(OH)3 . 

2  K.  A.  Hofmann  has  described  nitroso-ferrocyanides  (abst. 
Jour.  Chem.  Soc.,  1896,  i.  269. 

3  See  also  Prud'homme,  Compt.  rend.,  cxi.  45;  abst.  Jour.  Chem.  Soc., 
1890,  p.  1387,  and  1891,  p.  410. 
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SODIUM  NITROPRUSSIDE,  Na2FeCy5NO  +  2  aqua,  crystallises  more 
readily  than  the  potassium  salt.  It  forms  deep  red  crystals  very 
soluble  in  water,  and  is  decomposed  on  exposure  to  light,  with 
formation  of  a  blue  precipitate.1 

Soluble  nitroprussides  are  unchanged  by  ferric  salts.  With 
silver  nitrate  they  yield  a  flesh-coloured  precipitate,  insoluble  in 
nitric  acid,  and  salmon-coloured  precipitates  with  ferrous  and  zinc 
salts.  The  last  reaction  distinguishes  nitroprussides  from  cyanides 
of  the  formula  M2FeCy6  ("perferricyanides"),  which  give  a  green 
precipitate  with  zinc  sulphate. 

Sulphuretted  hydrogen  decomposes  nitroprussides  with  forma- 
tion of  a  ferrocyanide,  separation  of  prussian  blue  and  sulphur, 
and  production  of  iron  nitrosulphide. 

The  chief  interest  attaching  to  the  nitroprussides  is  the  beau- 
tiful but  transient  violet  colour  which  they  yield  with  soluble 
sulphides.2  This  reaction  affords  a  delicate  test  both  for  sulphides 
and  for  nitroprussides.  If  one  inch  of  hair  be  fused  with  sodium 
carbonate  and  the  product  dissolved  in  water,  the  presence  of 
sulphur  is  recognisable  by  subsequently  adding  a  nitroprusside. 

Sodium  nitroprusside  is  also  applied  as  a  test  for  creatinine 
(page  294),  which  in  presence  of  caustic  alkali  gives  a  fine  ruby- 
red  coloration,  changing  in  a  few  minutes  to  a  straw-yellow.  Ace- 
tone also  gives  a  red  colour  with  alkaline  nitroprusside  solution,  and 
other  ketones  and  aldehydes  give  reactions  ranging  from  yellowish- 
red  to  violet  (B.  von  Bitt<5,  Jour.  Soc.  Chem.  Ind.,  1892,  p.  847). 

When  a  solution  of  a  nitroprusside  is  rendered  alkaline  by 
caustic  soda  it  acquires  a  red  tint,  changing  to  orange,  and  on 
boiling  the  liquid  the  nitrosyl  group  exerts  a  reducing  action, 
ferrous  hydroxide  being  precipitated,  nitrogen  evolved,  and  sodium 
ferrocyanide  and  nitrite  formed. 

CobalticyanideS.      3MCy,CoCy3;  orM3CoCy6. 

This  very  permanent  class  of  double  cyanides  is  chiefly  of 
interest  from  its  application  to  the  separation  of  nickel  and  cobalt. 
When  potassium  cyanide  is  added  to  a  solution  of  cobalt,  brownish- 
white  cobaltous  cyanide,  CoCy2,  is  formed;  this  dissolves  in 
excess  of  potassium  cyanide  to  form  the  easily  decomposable  double 
cyanide,  2KCy,CoCy2.  With  excess  of  potassium  cyanide,  red 

1  Sodium  nitroprusside  was  found  by  E  d  e  r  to  be  twenty  times  more  sen- 
sitive to  light  than  potassium  ferricyanide,  and  in  presence  of  ferric  chloride 
the  decomposition  was  still  more  rapid. 

2  By  operating  in  alcoholic  solution  the  colouring  matter  separates  as  a 
purple-blue  oily  compound,  which  gives  a  green  powder  when  dried  in  vac-no. 
It  readily  decomposes  into  a  sulphide  and  ferricyanide. 
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potassium  cobalto-cyanide,  4KCy,CoCy2,  is  formed.  On 
heating  the  solution  containing  this,  it  is  quickly  converted,  with 
evolution  of  hydrogen,  into  colourless  very  stable  cobalticyanide 
of  potassium,  K3CoCy6,  analogous  to  the  ferricyanide.  A  more 
perfect  reaction  occurs  on  treating  the  cold  solution  with  chlorine 
or  bromine.  The  resultant  solution  of  potassium  cobalticyanide 
is  not  decomposed  by  boiling  with  mercuric  oxide.  This  reaction 
enables  nickel  to  be  separated  from  cobalt,  the  former  of  which  is 
wholly  precipitated,  and  remains  as  NiO  on  igniting  the  preci- 
pitate. The  same  reaction  distinguishes  cobalticyanides  from 
ferrocyanides  and  ferricyanides.  Cobalticyanides  give  no  preci- 
pitate with  ferric  salts.  They  are  completely  precipitated  from 
acid  solutions  by  nickel  sulphate,  the  precipitate  leaving  Ni3  +  Co2 
by  ignition  in  the  air  and  subsequent  reduction  in  hydrogen. 
Mercurous  nitrate  completely  precipitates  cobalticyanides  from 
neutral  solutions,  the  precipitate  leaving  Co304  on  ignition.  Co- 
balticyanides are  completely  decomposed  by  heating  with  con- 
centrated sulphuric  acid  (page  441).  By  treatment  with  fuming 
nitric  acid,  potassium  cobalticyanide  yields  a  red  substance  stated 
to  have  the  composition,  KH2Co3Cyn  +  H20  (Jackson  and 
Comey,  B&r.,  xxix.  1020). 

Platinocyanides.    2MCy,PtCy2 ;  or  M2PtCy4. 

The  platinocyanides  are  of  interest  for  their  remarkable  fluor- 
escent properties,  which  cause  them  to  appear  strongly  dichroic. 
They  become  visible  when  subjected  to  the  Rontgen  dark  rays, 
and  a  surface  painted  with  barium  platinocyanide  and  exposed 
while  still  moist  to  these  rays,  glows  wherever  it  has  not  been 
protected  by  a  metallic  or  other  screen  impervious  to  the  rays.  In 
this  manner  the  effects  of  Rontgen  rays  may  be  rendered  visible 
without  resource  to  photography. 

The  platinocyanides  of  the  light  metals  are  soluble  in  water  and 
crystallise  well.  Those  of  the  heavy  metals  are  mostly  insoluble  and 
can  be  prepared  by  precipitation.  The  platinocyanides  are  extremely 
stable,  even  boiling  sulphuric  acid  decomposing  them  but  slowly. 
When  treated  in  solution  with  nitric  acid,  chlorine,  or  bromine, 
the  platinocyanides  form  addition-compounds.  Thus  on 
passing  chlorine  into  a  hot  solution  of  potassium  platinocyanide, 
the  compound  K2PtCy4Cl2+2  aqua  is  deposited  in  colourless 
crystals  on  evaporation.  On  treating  these  with  a  strong  solution 
of  the  platinocyanide,  they  are  converted  into  copper-red  needles 
which  are  said  to  have  the  composition — 

5K2PtCy4,  K2PtCy4Cl2,  3H20  + 1 8  aqua. 
This  compound,  when  boiled  with  caustic  potash,  yields  potassium 
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platinocyanide,  chloride,  and  hypochlorite.  Unlike  the  ferro- 
cyanides  and  ferricyanides,  the  platinocyanides  are  not  decomposed 
by  digestion  with  mercuric  oxide.  Mercuric  chloride  throws 
down  white  mercuric  platinocyanide,  HgPtCy4.  Mercurous 
nitrate  in  small  quantity  yields  a  white  precipitate,  but  when 
added  in  excess,  a  highly  characteristic  bright  blue  precipitate  is 
obtained.  Cupric  sulphate  yields  a  flocculent  blue  or  green  pre- 
cipitate containing  CuPtCy4,  which,  when  suspended  in  water  and 
decomposed  by  sulphuretted  hydrogen,  yields  free  hydropla- 
tinocyanic  acid.  On  evaporating  the  filtrate  to  dryness,  and 
recrystallising  the  residue  from  a  mixture  of  alcohol  and  ether,  the 
acid  is  obtained  in  bluish-black  hydrated  prisms,  or  greenish- 
yellow  needles,  having  a  coppery  or  golden  lustre,  which  turn 
yellow  and  deliquesce  on  exposure  to  air. 

POTASSIUM  PLATINOCYANIDE,  2KCy,PtCy2-f  3H20,  is  obtained 
by  dissolving  ammonium  chloroplatinate  and  a  little  caustic  potash 
in  a  concentrated  boiling  solution  of  potassium  cyanide,  and  recrys- 
tallising the  product  from  water. 

A.  Schertel  (Ber.,  xxix.  204)  prepares  the  salt  by  dissolving 
well-washed  and  recently-precipitated  platinum  sulphide  in  a 
solution  of  potassium  cyanide,  and  concentrating  the  resultant 
colourless  liquid.  If  commercial  potassium  cyanide  containing 
much  sodium  cyanide  be  employed,  crystals  of  the  composition 
KNaPtCy4-f-3H20  are  obtained,  and  from  the  mother-liquor 
sodium  platinocyanide,  Na2PtCy4+3H20,  crystallises  out  in  long, 
transparent,  colourless  needles,  permanent  in  the  air,  and  not 
fluorescent.  The  salt  may  also  be  conveniently  prepared  by  pre- 
cipitating a  solution  of  potassium  platinocyanide  with  copper 
sulphate,  and  treating  the  washed  precipitate  with  a  slight  excess 
of  caustic  soda. 

Potassium  platinocyanide  forms  yellow  rhombic  crystals  exhibit- 
ing a  blue  dichroism.  On  exposure  to  air  it  effloresces  and 
becomes  nearly  white.  The  salt  is  readily  soluble  in  hot  water, 
but  is  in  great  part  deposited  on  cooling.  Cold  concentrated 
sulphuric  acid  decomposes  it  with  formation  of  platinous  cyanide. 

BARIUM  PLATINOCYANIDE,  BaCy2,PtCy2-M  aqua,  may  be  pre- 
pared in  a  manner  similar  to  the  potassium  salt ;  or  hydrocyanic 
acid  vapours  may  be  passed  into  a  solution  of  platinic  chloride 
holding  barium  carbonate  in  suspension,  until  oxygen  and  carbon 
dioxide  cease  to  be  evolved  : — 

PtCl4  +  3BaC03  +  4HCy = BaPtCy4  +  2BaCl2  +  2^0  +  3C02  +  O. 
Barium    platinocyanide    forms    monoclinic   prisms    which  appear 
green  in  the  direction  of  the  principal  axis,  but  sulphur-yellow 
with  a  blue-violet  sheen  in  a  direction    at  right  angles  to  the 
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axis.     The  salt  dissolves  in  about  thirty-three  parts  of  cold  water, 
but  is  considerably  more  soluble  at  the  boiling  point. 

MAGNESIUM  PLATINOCYANIDB,  MgCy2,PtCy2-f  7  aqua,  is  obtained 
by  precipitating  the  barium  salt  with  magnesium  sulphate.  It 
crystallises  in  large  prisms,  which  are  powerfully  fluorescent  and 
dichroic.  When  crystallised  from  alcohol  or  from  water  at  70°,  a 
yellow  salt  containing  6  aqua  is  obtained,  which  at  100°  is  con- 
verted into  a  white  hydrate  containing  2  aqua,  and  this  at  180° 
gives  a  yellow  anhydrous  salt. 


CYANATES. 

A  series  of  compounds  having  the  composition  of  cyanatesor 
oxycyanides  are  produced  by  the  action  of  oxidising  agents  on 
cyanides.  The  metallic  cyanates  are  obtainable  by  the  following 
reactions : — 

1.  By  passing  cyanogen  gas  into  the  solution  of  the  hydroxide 
of  an  alkali-metal  or  alkaline  earth  metal  : — 

2KHO  +  Cy2  =  KCy  0  +  KCy . 

2.  By  heating  a  carbonate  of  alkali-metal  to  low  redness  with 
mercuric  cyanide. 

3.  B}r  the  electrolysis  of  a  solution  of  the  corresponding  cyanide, 
the  cyanate  being  formed  at  the  anode. 

4.  By  fusing  a  cyanide  or  ferrocyanide  with  an  oxidising  agent, 
such  as  manganese  dioxide,  red  lead,  litharge,  potassium  bichromate, 
nitre,  &c. 

5.  By  the  action  of  a  highly  alkaline  solution  of  a  hypochlorite 
on  urea  (see  page  276). 

6.  By  the  action  of  a  hypobromite  on  a  cyanide  (A.  H.  Allen). 

7.  By  the  action  of  an  alkaline  solution  of  permanganate  on  a 
cyanide. 

The  alkyl  cyanates  are  compounds  of  great  theoretical  interest, 
but  they  have  received  no  practical  application. 

Hydrogen  Cyanate.    Cyanic  Acid. 

This  compound  cannot  be  prepared  by  the  action  of  mineral 
acids  on  metallic  cyanates,  since,  at  the  moment  of  its  formation, 
the  greater  part  is  decomposed  into  carbon  dioxide  and  ammonia, 
the  latter  compound  remaining  in  combination  with  the  mineral 
acid  used :  —  KCNO  +  H20  +  2HC1  =  KC1  +  NH3,HC1  +  C02. 
Sufficient  cyanic  acid  escapes  decomposition  to  give  to  the  evolved 
gas  a  pungent  odour  which  excites  tears. 
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Cyanic  acid  may,  however,  be  obtained  by  heating  its  polymer, 
anhydrous  cyanuric  acid,  nearly  to  redness  in  a  current  of  carbon 
dioxide.  A  mixture  of  urea  with  phosphoric  anhydride,  or  of 
uric  acid  with  sulphuric  acid  and  manganese  dioxide,  may  be 
substituted  for  the  cyanuric  acid. 

Cyanic  acid  is  a  colourless  liquid,  having  an  extremely  pungent 
odour  resembling  that  of  sulphurous  or  glacial  acetic  acid.  It  is 
extremely  unstable,  becoming  rapidly  polymerised  into  a  snow- 
white,  insoluble  substance  called  cyamelide,  (CNHO)n. 

Two  isomeric  forms  of  cyanic  acid  have  a  possible  existence, 
represented  respectively  by  the  following  formulae : — 


NORMAL  CYANIC  ACID  ISO-CYANIC  ACID 

(Cyanogen  hydroxide).  (Carbylimide). 

C^  1  0  ;  or  HO.feEN  C°  \  IN  ;  or  ±I.IN  =1 


Only  one  modification  of  cyanic  acid  is  known  in  the  free  state, 
and  the  constitution  of  this  is  not  certain,  some  authorities 
regarding  it  as  the  normal  acid  and  others  as  isocy&mc  acid. 
The  same  difference  of  opinion  exists  as  to  the  constitution  of  the 
ordinary  metallic  cyanates  (see  below).  The  alkyl  normal  cyanates 
are  almost  unknown,  as  they  polymerise  with  great  facility  into  the 
corresponding  cyanurates.  The  alkyl  isocyanates  are  obtainable 
as  volatile  pungent  liquids,  readily  polymerising  toisocyanurates. 

Metallic  Cyanates. 

As  stated  above,  the  molecular  constitution  of  the  metallic 
cyanates  is  uncertain.  Some  authorities,  arguing  from  the  fact 
that  potassium  cyanate,  when  distilled  with  potassium  ethyl  sul- 
phate, yields  ethyl  isocyanate,  regard  the  ordinary  potassium  salt 
as  an  isocyanate.  Other  chemists  think  too  much  stress  is  laid 
on  this  and  allied  facts,  since  frequent  observations  have  shown 
that  normal  cyanic  compounds  readily  isomerise.  Similarly,  allyl 
thiocyanate  readily  changes  into  the  isothiocyanate,  and  the  normal 
cyanuric  esters  change  to  the  corresponding  isocyanuric  esters.1 

POTASSIUM  CYANATE,  KO.CN ;  or  KCyO. 

This  salt  may  possibly  be  the  isocyanate,  K.N:C:0.2      It  may 

1  It  is  conceivable  that  the  mother-substances  may  possess  two  constitu- 
tional formulae,  i.e.,  that  they  are  "  tautomeric,"  and  by  the  wandering  of  an 
atom  of  hydrogen  their  atoms  may  sometimes  arrange  themselves  in  one,  and 
sometimes  in  the  other  form,    and  that  they  may  accordingly   show  the 
reactions  of  either. 

2  R.  Otto  (Her.,  xxvii.  837)  has  obtained  anisomer  of  ordinary  potassium 
cyanate  in  broad  tablets  or  small  pyramidal  crystals  having  a  vitreous  lustre. 
It  is  isomorphous  with  thallium  thiocyanate. 
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be  obtained  by  the  reactions  given  on  page  481.  The  best  practi- 
cal method  of  preparing  it  consists  in  fusing  potassium  cyanide 
with  litharge  or  manganese  dioxide,  or  potassium  ferrocyanide  with 
potassium  bichromate l  (compare  page  249).  Another  convenient 
method  of  obtaining  potassium  cyanate  is  the  oxidation  of  a  cold 
solution  of  potassium  cyanide  by  permanganate  in  presence  of  caustic 
potash  (J.  Volhard,  abst.  Jour.  Chem.  Soc.,  1891,  page  160). 

Potassium  cyanate  crystallises  in  colourless  scales,  fusible  below 
a  red  heat  to  a  colourless  liquid.  It  is  readily  soluble  in  water, 
and  tolerably  soluble  in  boiling  rectified  spirit,  but  is  insoluble  in 
absolute  alcohol. 

Potassium  cyanate  is  not  decomposed  by  exposure  to  or  even  by 
ignition  in  dry  air,  but  in  presence  of  moisture  or  by  evaporation 
of  its  aqueous  solution  it  suffers  hydrolysis  according  to  the 
following  equation  :— 2KOCN  +  3H20  =  K2C08  +  2NH3  +  CO2. 
This  reaction  is  the  cause  of  the  ammoniacal  smell  of  deliquesced 
commercial  potassium  cyanide,  which  often  contains  much  cyanate. 
On  addition  of  moderately  concentrated  sulphuric  or  hydrochloric 
acid  to  potassium  cyanate,  the  greater  part  of  the  cyanic  acid 
liberated  is  decomposed  into  ammonia  and  carbon  dioxide.  Traces 
of  the  acid  escape  this  change,  and  hence  the  carbon  dioxide 
evolved  has  an  extremely  pungent  odour  resembling  that  of  sul- 
phurous acid,  and  most  powerfully  affects  the  eyes.  The  odour  is 
slowly  but  very  well  developed  by  treating  a  solution  of  the 
cyanate  with  acid  tartrate  of  potassium.2 

1  Four  parts  of  well-dried  potassium  ferrocyanide  in  powder  is  mixed  with 
three  parts  of  dry  pulverised  potassium  bichromate.     The  mixture  is  gradu- 
ally introduced,  in  small  quantities  at  a  time,  into  a  large  iron  crucible, 
which  is  heated  to  a  point  just  short  of  red-heat.     Oxidation  takes  place,  and 
is  indicated  by  a  glowing  of  the  mass  introduced.     As  soon  as  one  portion 
has  ceased  to  glow,  the  next  is  introduced,  and  so  on,  the  contents  of  the 
crucible  being  stirred  with  an  iron  spatula.     The  temperature  must  not  be 
allowed  to  rise  high  enough  to  effect  the  melting  of  the  resulting  mass,  which 
should  remain  porous  and  spongy.     After  cooling,  the  product  is  powdered 
and  extracted  with  three  times  its  weight  of  boiling  methylated  spirit  of  80 
per  cent,  strength.     The  solution  is  filtered,  and  on  cooling  deposits  potas- 
sium cyanate  as  a  perfectly  white  crystalline  powder.     The  mother-liquor 
is  used  to  extract  the  product  a  second  time,  and  this  proceeding  is  repeated 
until  no  further  crystals  are  deposited  on  cooling.     The  crystalline  powder 
is  then  washed  several  times  with  small  quantities  of  ether. 

2  Acetic  acid,  and  some  other  acids,  when  added  to  a  solution  of  potassium 
cyanate,    throw    down   a  crystalline    precipitate  of    acid    potassium 
cyanurate,  KH2C3N3O3.     On  adding  ether  and  strong  hydrochloric  acid 
to  a  solution  of  potassium  cyanate,   some  of  the  liberated  cyanic  acid  is 
polymerised  to  cyanuric  acid,  which  dissolves  in  the  ether. 
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The  ammonia  formed  in  the  reaction  may  be  determined  by 
distilling  the  liquid  with  slaked  lime  or  caustic  alkali.  It  is 
evident  that  these  reactions  are  insufficient  for  the  recognition  of  a 
cyanate,  when,  as  in  commercial  potassium  cyanide,  a  carbonate 
and  cyanide  are  also  present.  The  detection  of  cyanate  under 
these  conditions  is  described  on  page  454. 

Cyanates  are  not  affected  by  alkaline  solution  of  hypochlorites 
or  hypobromites  (compare  page  274). 

The  determination  of  cyanate,  when  existing  in  the  form  of 
pure  potassium  cyanate,  may  be  effected  by  the  following  process 
devised  by  the  author  :  —  One  gramme  of  the  sample  is  dissolved 
in  very  cold  water,  and  precipitated  without  delay  by  an  excess  of 
a  neutral  solution  of  silver  nitrate.  The  precipitate  of  argentic 
cyanate  is  filtered  off  and  washed  slightly.  It  is  then  dissolved 
in  a  moderate  excess  of  warm  normal  nitric  acid,  when  the  follow- 
ing reaction  takes  place  :  — 

AgOCN  +  2HN03  +  H20  =  AgN08  +  NH4N03  +  C02  . 


Hence,  one  atom  of  cyanate  will  neutralise  two  of  nitric  acid. 
The  liquid  is  filtered  from  any  trace  of  insoluble  matter  and 
titrated  with  normal  alkali.  Each  c.c.  of  normal  nitric  acid  neu- 
tralised by  the  cyanate  represents  '1622  gramme  of  KOCN  in  the 
sample  taken.  The  author  obtained  101*6  and  101'2  per  cent,  in 
two  experiments  made  by  this  process  on  pure  potassium  cyanate. 
Probably  the  same  process  might  be  applied  to  the  determination 
of  cyanate  in  commercial  potassium  cyanide,  the  carbonate  being 
first  separated  by  precipitating  the  cold  solution  with  barium  or 
calcium  nitrate.  As  the  cyanide  and  any  chloride  which  may  be 
present  will  be  precipitated  as  silver  salts  together  with  the 
cyanate,  the  subsequent  treatment  with  warm  dilute  nitric  acid 
will  leave  an  insoluble  residue,  which  must  be  separated  before 
titrating  with  alkali. 

AMMONIUM  CYANATE,  (NH4).O.CN,  is  obtained  by  mixing  cyanic 
acid  vapours  with  ammonia  in  excess,  when  it  is  deposited  in 
minute  crystals  which  effervesce  with  acids.  The  salt  may  also 
be  obtained  by  decomposing  silver  cyanate  by  a  solution  of 
ammonium  chloride  ;  or  barium,  lead,  or  potassium  cyanate  by 
ammonium  sulphate  (compare  page  249).  Ammonium  cyanate 
is  extremely  unstable,  being  converted  by  boiling  or  evaporating 
the  solution  into  urea,  probably  with  previous  conversion  into 
the  isocyanate  :—  NH4.O.CN  =  NH4.N.CO  =  NH2.CO.^TH2.  (This 
interesting  change  is  fully  discussed  on  pages  249,  251,  and  273.) 

BARIUM  CYANATE,  Ba(CyO)2,  separates  in  crystals  on  mixing 
alcoholic  solutions  of  barium  acetate  and  potassium  cyanate. 
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CALCIUM  CYANATE,  Ca^yO)^  has  been  recently  manufactured 
on  a  large  scale.1  Owing  to  its  high  content  of  nitrogen,  and  ready 
decomposition  with  formation  of  ammonia,  it  has  been  proposed 
to  employ  calcium  cyanate  as  a  fertiliser. 

COBALT  POTASSIUM  CYANATE,  Co(CyO)2,2KCyO,  is  precipitated 
in  dark  blue  quadratic  crystals  on  adding  a  solution  of  cobalt 
acetate  (or  cobalt  nitrate  with  potassium  acetate)  to  a  solution 
of  potassium  cyanate.  The  reaction  has  been  applied  to  the 
detection  of  cyanate  in  commercial  potassium  cyanide  (see 
page  454). 

LEAD  CYANATE,  Pb(CyO)2,  is  a  crystalline  salt,  nearly  insoluble 
in  hot  water.  Its  preparation  is  described  on  page  249. 

SILVER  CYANATE,  AgCyO,  forms  a  crystalline  precipitate,  some- 
what soluble  in  boiling  water,  but  100  parts  of  water  at  16°  C. 
dissolve  only  0*006  part  of  the  salt.  Dilute  nitric  acid  decom- 
poses it  with  evolution  of  carbon  dioxide  and  formation  of  silver 
and  ammonium  nitrates  (page  484). 

Polymers  of  Cyanic  Acid. 

Besides  cyamelide  (CNHO)n,  which  may  possibly  be  identical 
with  isocyanuric  acid,  various  other  polymers  of  cyanic  acid  exist, 
and  are  known  either  in  the  free  state  or  as  salts.  Thus  : — 

FULMINIC  ACID,  H2C2N203,  is  unknown  in  the  free  state,  but 
the  metallic  fulminates  are  explosive  salts  typified  by  fulmin- 
ating mercury,  used  in  the  preparation  of  percussion  caps.2 

Mercuric  Fulminate,  HgC2N203,  is  obtained  by  warming  alcohol 

1  A  mixture  of  limestone  and  coke  is  submitted  to  a  preliminary  tempera- 
ture of  1500°  in  an  electric  blast-furnace,  and  is  then  superheated  in  the 
same  furnace  to  2500°  in  presence  of  a  large  excess  of  pure  nitrogen,  and 
then  finally  oxidised  by  means  of  air,  the  oxygen  of  which  is  retained  by  the 
product  whilst  the  nitrogen  conveys  the  heat  due  to  the  oxidation  into  the 
electric  chamber.     The  operation  must  be  conducted  in  a  large  furnace,  so 
that  the  calorific  yield  may  be  sufficiently  economical. 

2  The  constitutional  formula  of  fulminic  acid  is  not  known  with  certainty. 
The  following  are    the  formulae   suggested    by    E.    Divers   and   H.   E. 
Armstrong  (Jour.  Ohem.  Soc.,  xlvii.  79): — 

Divei-s.  Armstrong. 

fN:C.OH  fC.OH                (N.CH 

0\  ff-l   I                or,    ]   |    | 

\N:CH  I  C(N.OH)          (O.C(N.OH) 

The  question  has  been  recently  reviewed  by  R.  Scholl  (Ber.,  xxiii.  3505  ; 
Chem.  Centralb.,  1893,  i.  730),  who  considers,  with  Steiner,  that  the  pro- 
perties  and  modes  of  formation  of  the  fulminates  are  best  explained  on  the 
assumption  that  fulminic  acid  has  the  constitution  of  dioximido-ethylene  : — 
OH.N:C:C:N.OH  (see  also  F.  Hoi leman  Ber.t  xxiii.  2298,  3742). 
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with  mercuric  nitrate  and  nitric  acid.  It  forms  small  silky  crystals 
which  explode  with  great  violence  when  heated  or  struck.  Silver 
fulminate  is  still  more  explosive.  Concentrated  hydrochloric  acid 
decomposes  the  fulminates  with  formation  of  hydroxylamine 
hydrochloride  and  evolution  of  carbon  dioxide. 

FULMINURIC  ACID,  HC3H2N303,  results  from  the  action  of  a 
chloride  or  iodide  of  an  alkali-metal  on  mercuric  fulminate. 

CYANURIC  ACID,  H3C3X303  or  (CN)3(OH)3.  This  body  is  formed 
by  the  dry  distillation  of  uric  acid,  by  the  action  of  heat  on  urea 
(page  250),  and  in  various  other  reactions  (page  481).  Cyanuric 
acid  is  a  compound  of  great  theoretical  interest,  as  also  are  the 
alkyl  salts  of  its  isomer  isocyanuric  acid,  (CO)3(£TH)3. 


THIOCYANATES.    SULPHOCYANIDES.1 

These  salts  are  the  sulphur-analogues  of  the  cyanates  or 
oxycyanides.  Like  cyanic  acid,  thiocyanic  acid  exists  in  two 
isomeric  forms,  which  are  known  in  their  metallic  and  alkyl  salts, 
though  only  one  modification  (probably  the  normal)  of  the  free 
acid  has  been  isolated.  The  ordinary  metallic  thiocyanates  are 
the  normal  salts,  of  the  constitution  MS.CN,  but  the  isothio- 
cyanates  have  also  been  prepared.2  The  normal  salts  of  the  alkyl- 
radicals  are  known,  but  they  change  with  great  facility  into  the 
isomeric  forms,  which  are  preferably  called  thiocarbimides. 
The  type  of  these  compounds  is  allyl  thiocarbimide,  the 
volatile  oil  of  mustard,  which  has  been  described  on  page  107. 

A  polymeride  of  thiocyanic  acid  is  known  (H2S2N2C2),  and  the 
methyl  ether  of  trithiocyanic  acid  (thiocyanuric  acid), 
H3C3N3S3,  has  been  obtained. 

1  These  salts  are  also  called  sulphocyanates,  but  such  a  term  would 
be  more  appropriately  applied  to  compounds  of  the  formula  M(S02)CN. 

2  POTASSIUM  ISOTHIOCYANATE.    POTASSIUM  THIOCARBIMIDE.    K.NCS. — 
This  salt  is  the  type  of  the  metallic  isothiocyanates.     It  is  obtained  by  heat- 
ing perthiocyanic  acid  with  alcoholic  potash.     The  crystals  are  soluble  in 
water.      Potassium  isothiocyanate  is  partially  transformed  into  the  normal 
salt  by  repeatedly  evaporating  its  solution,  and  by  fusion  undergoes  complete 
conversion.     The  reactions  of  the  isothiocyanates  differ  from  those  of  the 
normal  salts  in  many  respects.     Thus,  the  silver  salt  is  light  yellow,  and  but 
slightly  soluble  in  ammonia.      "With  zinc  chloride,   thiocyanates  give  no 
reaction,  but  the  isothiocyanates  give  a  voluminous  deep  yellow  precipitate, 
and  with  neutral  ferric  chloride  a  brown  coloration,  disappearing  on  addition 
of  an  excess  of  the  iron  salt.     Cupric  sulphate  gives  a  greenish-yellow  pre- 
cipitate. 
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Selenium  forms  a  series  of  salts,  selenocyanides,  precisely 
analogous  to,  but  less  stable  than,  the  sulphocyanides.1 

Notable  quantities  of  thiocyanates  occur  naturally  in  the  saliva 
and  contents  of  the  stomach  (page  450),  and  they  may  also  be 
detected  in  the  urine.  Hence  thiocyanates  appear  to  pass  through 
the  system  unaltered.  In  the  saliva  their  presence  is  directly  indi- 
cated by  the  red  coloration  produced  on  addition  of  ferric  chloride. 
For  the  detection  of  thiocyanates  in  urine  the  liquid  is  precipi- 
tated by  baryta-water,  the  filtrate  evaporated  to  a  syrup,  extracted 
with  alcohol,  the  solution  so  obtained  again  evaporated,  the  residue 
redissolved  in  water,  the  solution  decolorised  by  animal  charcoal, 
and  tested  by  ferric  chloride,  &c. 

Sinapine  thiocyanate  exists  ready-formed  in  the  seeds  of  mustard 
and  some  allied  plants  (page  104),  and  the  isothiocyanates  of 
acrinyl  and  allyl  are  formed  by  the  action  of  the  ferment  myrosin  on 
the  glucosides  of  white  and  black  mustard  respectively,  while  other 
cruciferous  seeds  yield  identical  or  analogous  compounds  (page  101). 

Thiocyanates  are  also  present  in  notable  quantity  in  the  ammo- 
niacal  liquor  and  spent  oxide  obtained  in  the  purification  of  coal 
gas,  and  in  the  liquors  resulting  from  the  lixiviation  of  the  black- 
ash  produced  in  the  Leblanc  process  of  manufacturing  caustic  soda. 
The  recovery  of  sulphocyanides  from  these  and  allied  sources 
and  their  manufacture  on  the  large  scale  by  various  synthetical 
methods  with  a  view  to  conversion  into  cyanides  or  ferrocyanides 
have  formed  the  subject  of  various  patents2  (see  page  450). 

1  Silver  Selenocyanide,  AgSeCN,  is  a  white  curdy  precipitate  closely  re- 
sembling the  sulphocyanide.     The  cuprous  salt  is  white  and  insoluble.     On 
adding  a  drop  of  ferric  chloride  to  a  cold  dilute  solution  of  a  selenocyanide,  a 
red  coloration  is  momentarily  produced,  probably  owing  to  the  formation  of 
ferric  selenocyanide,  but  the  solution  very  rapidly  becomes  turbid  and  free 
selenium  separates. 

2  Interesting  descriptions  of  the  manufacture  of  sulphocyanides  from  these 
sources  will  be  found  in  the  Chem.  Zeitung  for  1886  (abst.  Jour.  Soc.  Dyers, 
&c.,  ii.  42,  85),  and  in  a  paper  by  J.  V.  Esop  (Zeits.  angew.  Chem.,  1889, 
305 ;   abst.  Jour.  Soc.  Chem.   2nd.,  viii.  881),  who  also  gives  analyses  of 
various  specimens  of  spent  oxide.    In  a  process  patented  by  H.  B  o  w  e  r  (Eng. 
Patent,  No.  8330,  1895),  gas-liquor  is  distilled,  after  addition  of  iron  or  an 
iron  salt  and  of  lime,  to  remove  ammonia,  the  cyanogen  present  being  left  in 
the  liquor  as  calcium  ferrocyanide  and  sulphocyanide.     An  acid  solution  of  a 
copper  salt,  preferably  cuprous  chloride,  is  added  to  obtain  a  mixed  precipitate 
of  copper  ferrocyanide  and  sulphocyanide,  which  is  separated.     The  moist 
precipitate  is  agitated  with  finely  divided  iron,  to  produce  copper  and  iron 
ferrocyanide  and  soluble  iron  sulphocyanide.    The  iron  ferrocyanide,  on  treat- 
ment with  an  alkali,  yields  a  soluble  ferrocyanide  ;  while  the  solution  of  iron 
sulphocyanide  may  be  concentrated  and  crystallised,  or  evaporated  to  dryness. 
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In  the  process  of  Gelis,  as  modified  by  Giinzberg  and 
Tscherniac,  carbon  disulphide  and  ammonia  of  20  per  cent. 
strength  are  caused  to  react  in  a  closed  vessel  at  100°  C.  The 
product  is  a  solution  of  ammonium  dithiocarbamate  mixed  with 
unattacked  carbon  disulphide.  On  transferring  it  to  a  still  and 
raising  the  temperature  to  110°,  the  dithiocarbamate  splits  up  into 
sulphuretted  hydrogen  and  ammonium  thiocyanate.1  The  latter 
remains  in  the  still  in  aqueous  solution,  which  is  concentrated  and 
allowed  to  stand  in  tin-lined  wooden  vessels.  Crystals  of  ammo- 
nium thiocyanate  are  thus  obtained.2  If  other  cyanogen  com- 
pounds are  required  the  solution  is  distilled  with  lime,  which 
yields  a  solution  of  ammonia  of  suitable  strength  for  treating  with 
a  fresh  quantity  of  carbon  disulphide,  together  with  calcium 
thiocyanate.3  From  this  salt,  potassium  thiocyanate  is  obtained 
by  double  decomposition  with  potassium  sulphate.  The  precipi- 
tate is  removed  by  a  filter-press,  the  residual  lime  thrown  down 
by  potassium  carbonate,  and  the  filtered  liquid  evaporated  at  125°. 
On  cooling,  it  deposits  the  remaining  sulphates  and  chlorides  very 
completely,  and  nearly  pure  potassium  thiocyanate  is  obtained  on 
evaporating  the  solution  to  dryness. 

Potassium  thiocyanate  results  from  the  action  of  free  sulphur 
or  of  certain  metallic  sulphides  on  cyanide  or  ferrocyanide  of 
potassium  at  a  high  temperature.  It  may  also  be  obtained  by 
boiling  a  solution  of  potassium  cyanide  with  sulphur,  and  by 
several  other  reactions. 

As  a  class,  the  thiocyanates  are  very  poisonous,4  and  have  as 
deleterious  an  effect  on  plants  as  on  animals  (see  page  496). 

Most  of  the  metallic  thiocyanates  are  soluble,  the  chief  excep- 
tions being  the  cuprous,  mercurous,  mercuric,  lead,  and  silver 
salts.  From  a  solution  acidulated  with  hydrochloric  acid  and 
filtered,  thiocyanates  precipitate  copper  salts  only.  The  thio- 
cyanates readily  form  double  salts. 


2  Mere  traces  of  iron  cause  the  salt  to  become  red  on  exposure  to  air,  but 
the  iron  may  be  readily  removed  from  the  solution  by  addition  of  ammonium 
sulphide,  or  by  ammonia  in  presence  of  air.     The  filtered  liquid  must  be 
evaporated  in  a  tin  vessel. 

3  The  Giinzberg-Tscherniac  process  of  manufacturing  calcium  thiocyanate 
is  less  economical  than   that  of  Hood  and  S  a  1  a  m  o  n  and   the  supple- 
mentary patents  which  are  described  in  outline  on  page  450. 

4  In  a  case  where  a  woman  took  ammonium  sulphocyanide  she  was  found 
unconscious,  with  rigidity  of  the  muscles  of  the  arms  and  jaws.     In  spite  of 
attempts  to  revive  her,  convulsions  ensued,  followed  by  death  in  sixteen 
hours  from  the  first  symptoms  observed. 

A  dose  of  five  grains  of  ammonium  thiocyanate  is  said  to  be  immediately  fatal. 
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DETECTION  OF  THIOCYANATES. 

The  following  reactions  of  analytical  and  general  interest  are 
given  by  a  solution  of  potassium  or  other  soluble  thiocyanate  : — 

On  addition  of  a  mineral  acid  dilute  solutions  of  thiocy- 
anates  suffer  no  immediate  change,  but  strong  solutions  are  de- 
composed with  formation  of  thiocyainc  acid  and  other  products, 
and  separation  of  perthiocyanic  acid  (see  P.  Klason,  Jour, 
prakt.  Chem.,  [2],  xxxvi.  57 ;  abst.  Jour.  Chem.  Soc.,  1887, 
page  1025). 

On  distillation  with  dilute  sulphuric  acid,  potassium  thiocyanate 
yields  thiocyanic  (hydrosulphocyanic)  acid,  HSCN,  as  a  liquid 
of  a  pungent  odour.  Part  of  the  acid  is  decomposed  in  a  manner 
analogous  to  cyanic  acid  :— 2HSCN  +  2H20  =  2H3N  +  CS2  +  C02. 
Another  portion  is  split  up  thus  :— 3HSCN  =  HONT  +  H2C2N2S3.1 

From  a  hot  solution  of  potassium  thiocyanate,  nitric  acid, 
chlorine,  or  a  mixture  of  hydrochloric  acid  and  potassium  chlorate 
precipitate  a  yellow  substance  containing  C3HN3S3,  inaptly  called 
perthiocyanogen.2 

Silver  nitrate  precipitates  from  solutions  of  soluble  thiocyan- 
ates  white  curdy  argentic  thiocyanate,  AgSCN,  insoluble  in 
dilute  nitric  acid,  but  soluble  in  ammonia  and  in  soluble 
thiocyanates. 

Cupric  sulphate  produces  no  immediate  change  in  a  weak 
solution  of  thiocyanates,  but  in  a  strong  solution  precipitates 
black  cupric  thiocyanate,  Cu"(SCN)2,  which  turns  white  on 
standing.  If  sodium  sulphite,  sulphurous  acid,  or  other  reducing 
agent  be  added  together  with  the  cupric  solution,  a  white  pre- 
cipitate, consisting  of  cuprous  thiocyanate,  Cu'2(SCN)2, 
is  immediately  formed.  The  precipitate  is  insoluble  in  water 
and  saline  solutions,  and  nearly  insoluble  in  dilute  sulphuric  and 
hydrochloric  acids,  but  dissolves  in  ammonia. 

Ferrous  sulphate,  if  quite  free  from  ferric  salt,  occasions  no 
change  in  solutions  of  thiocyanates. 

When  added  to  a  slightly  acid  solution  of  a  soluble  thiocyanate, 

1  The  characters  and  decompositions  of  thiocyanic  acid  have  been  investi- 
gated by  P.  Klason  (Jour,  prakt.  Chem.,  [3],  xxxv.  789  ;  abst.  Jour.  Chem. 
Soc.,  1887,  page  789). 

2  PERTHIOCYANOGEN,  C3HN3S3,  is  an  amorphous,  deep  yellow  substance, 
insoluble  in  water,  alcohol,  or  ether,  and  unaffected  by  dilute  alkalies  or 
acids.     It  has  been  applied,  under  the  name  of  "canarin,"  for  printing 
calico,  the  colour  being  formed  in  the  fibre,  and   developed   in  a  manner 
similar  to  aniline  black.     Perthiocyanogen  acts  as  a  mordant  to  many  of  the 
coal-tar  dyes,  such  as   methylene-blue,  aniline-green,  aniline-red,  &c.  (see 
Dingier' s  poly t.  Jour.,  ccli.  41 ;  abst.  Jour.  Chem.  Soc.,  1884,  p.  796). 
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ferric  sulphate  or  chloride  produces  a  deep  red  coloration,  owing 
to  the  formation  of  soluble  red  ferric  thiocyanate,  Fe(SCX)3. 
This  is  a  most  delicate  and  characteristic  reaction  for  ferric  salts 
and  thiocyanates.  The  colour  is  not  destroyed  by  boiling,  or  by 
cold  dilute  mineral  acids  (distinction  from  acetates  and  formates). 
The  fixed  alkalies  and  ammonia  precipitate  brown  ferric  hydroxide, 
and  thus  destroy  the  colour.1  The  colour  is  instantly  destroyed 
by  mercuric  chloride  (distinction  from  meconates)  or  by  excess 
of  silver  nitrate  (distinction  from  formates  and  acetates).  In 
presence  of  ferrocyanide,  excess  of  ferric  solution  should  be 
added  and  the  liquid  filtered  from  the  precipitate  of  prussian 
blue,  when  the  red  colour  will  become  apparent.  In  presence 
of  ferricyanide,  the  dark-coloured  solution  should  be  largely 
diluted. 

The  author  has  observed  that  when  the  red  liquid  produced 
by  adding  a  ferric  salt  to  a  soluble  thiocyanate  is  shaken  with 
ether,  the  colour  passes  wholly  into  the  ether  if  the  thiocyanate 
be  present  in  excess ;  but  if  the  iron  salt  be  in  excess  the  ether 
remains  uncoloured.  By  evaporation  of  the  aqueous  or  ethereal 
solution  of  ferric  thiocyanate,  intensely  deep  red  crystals  are 
obtained,  readily  soluble  in  water,  alcohol,  and  ether. 

According  to  Krtiss  and  Moraht  (Ber.,  xxii.  2061)  the 
red  coloration  produced  by  adding  potassium  thiocyanate  to  a 
ferric  salt  is  due  to  the  formation  of  a  compound  containing 
Fe(SCN)3,9KSCIsT  +  4H20.  This  salt  may  be  obtained  by  adding 
the  calculated  quantity  of  potassium  thiocyanate  to  a  neutral 
solution  of  ferric  thiocyanate.  It  is  insoluble  in  dry  ether,  but 
is  decomposed  by  moist  ether  into  potassium  thiocyanate,  which 
is  insoluble,  and  ferric  thiocyanate,  which  dissolves  in  the  ether 
with  red  colour.  A  compound  containing  Fe(SCN)3,3KSCIS"  has 
also  been  obtained. 

The  red  coloration  produced  on  mixing  solutions  of  ferric  salts 

1  The  thiocyanate  reaction  is  not  obtained  in  a  solution  of  a  ferric  salt  to 
which  sodium  acetate  has  been  added,  until  the  solution  is  strongly  acidified 
with  hydrochloric  acid.  Nor  does  the  test  answer  for  solutions  of  basic  ferric 
salts,  obtained  by  digesting  dilute  ferric  chloride  with  ferric  hydroxide,  or  by 
adding  ammonium  carbonate  to  ferric  chloride  solution  as  long  as  the  pre- 
cipitate is  redissolved.  Very  dilute  ferric  solutions  free  from  acidity  are 
inactive  towards  thiocyanate  solutions  at  ordinary  temperatures,  and  some- 
what stronger  solutions  do  not  give  the  colour  when  hot.  This  is  explained 
by  the  complete  hydrolytic  dissociation  which  occurs  in  dilute  solutions  at 
ordinary  temperatures,  and  in  stronger  solutions  at  higher  temperatures. 
Acidulation  of  the  solution,  however,  always  renders  the  thiocyanate  test 
applicable. 
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and  thiocyanates  cannot  be  employed  for  colorimetric  determina- 
tion of  either  body,  since  the  intensity  varies  in  a  complex  manner 
with  the  temperature  and  concentration  of  the  liquid,  the  relative 
proportions  of  iron  and  thiocyanate,  and  the  form  in  which  they 
are  added.  Even  when  12  molecules  of  thiocyanate  are  present 
for  1  of  ferric  salt,  the  maximum  coloration  is  not  obtained. 

A  solution  of  molybdic  acid  or  molybdate  of  ammonium  in 
hydrochloric  acid  gives  a  red  colour  with  a  thiocyanate  which, 
like  the  similar  colour  produced  by  ferric  salts,  is  removed  from 
its  aqueous  solution  by  agitation  with  ether. 

When  a  thiocyanate  is  treated  with  zinc  and  hydrochloric  acid, 
sulphuretted  hydrogen  is  evolved  (which  will  blacken  lead  paper 
held  over  the  tube),  and  methylamine,  (CH3)H2N,  is  formed  in 
the  solution. 

When  added  to  a  solution  of  a  thiocyanate  acidulated  by  dilute 
hydrochloric  acid,  a  solution  of  potassium  permanganate  is  instantly 
decolorised  with  formation  of  hydrocyanic  and  sulphuric  acids. 

Various  kinds  of  organic  matter  give  a  red  colour  with  soluble 
thiocyanates.  The  effect  has  been  shown  by  C.  Parenti  (abst. 
Jour.  Chem.  Soc.,  1890,  p.  726)  to  be  due  to  the  presence  of  traces 
of  ferric  compounds. 

DETERMINATION  OF  THIOCYANATES. 

The  reaction  with  permanganates  is  one  of  the  most  convenient 
for  the  determination  of  thiocyanates,  and  may  be  applied  either 
gravimetrically  or  volumetrically. 

1.  For  the  gravimetric  determination,  any  sulphate  is  removed 
by  treating  the  cold   solution  with  dilute  hydrochloric  acid  and 
excess  of  barium  chloride.     The  filtrate  is  treated  with  a  slight 
excess  of  potassium  permanganate,  and  more  barium  chloride  is 
added  if  necessary.     233  parts  of   BaS04  precipitated  represent 
58  of  thiocyanogen,  SON.     The  method  is  applicable  to  all  thio- 
cyanates soluble  in  water  or  dilute   acids.     It  is  not  interfered 
with  by  chlorides,  but  is  inapplicable   in  presence  of  sulphites, 
thiosulphates  or  sulphides.     The  last  class  of  compounds  may  be 
previously  removed  by  a  solution  of  a  cadmium  salt. 

H.  Alt  (Ber.,  xxii.  3258)  proposes  to  oxidise  the  thiocyanate 
with  nitric  acid  instead  of  permanganate,  but  the  advantage  is 
not  obvious. 

2.  In  the  absence  of  other  reducing  agents,  thiocyanates  may 
be  directly  titrated  in  the  cold  with  dilute  sulphuric   acid  and 
standard  permanganate.     The  reaction  is  as  follows  : — 5KSCN  + 
6KMn04  -f  1 2H2S04  =  1 1 KHS04  +  6MnS04  +  5HONT  +  4H20;  or, 
more  simply :— HSCN  +  03  =  HCN  +  S03 . 

Each  c.c.  of  decinormal  permanganate   decolorised  represents 
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0'00193  gramme  of  SCN".1  The  solution  should,  however,  be 
standardised  by  pure  potassium  or  ammonium  thiocyanate. 

Thiocyanates  may  be  determined  by  the  above  method  in 
presence  of  simple  cyanides  and  chlorides.  For  the  determination 
of  the  simple  cyanide  in  such  a  mixture,  the  solution  should  be 
treated  with  excess  of  silver  nitrate  and  the  washed  precipitate 
treated  by  Kjeldahl's  process,  metallic  mercury  being  added  and 
fuming  sulphuric  acid  substituted  for  acid  of  1'84  specific  gravity. 
The  ammonia  formed  is  derived  from  the  cyanide  and  thiocyanate, 
and  the  latter  having  been  previously  determined  by  titration 
with  permanganate  the  cyanide  can  be  deduced.  The  chloride 
can  be  determined  by  difference,  or  directly  estimated  by  oxidis- 
ing the  solution  with  permanganate  in  a  solution  acidulated  with 
sulphuric  acid,  boiling  off  the  hydrocyanic  acid,  preferably  in 
presence  of  granulated  zinc,  and  then  precipitating  the  chloride 
with  silver  nitrate.2 

3.  Yol hard's  process  for  the  determination  of  silver  is  equally 
applicable  to  the  titration  of  thiocyanates.  The  solution  of  the 
thiocyanate  is  acidified  with  nitric  acid  (previously  well  boiled  to 

1  According  to  P.  Klason  (Jour,  proikt.   Che?n.,  xxxvi.  74),  the  results 
obtained  by  titration  with  permanganate  are  always  too  low,  the  error  being 
greater  as  the  solution  is  more  dilute.     When  the  concentration  is  not  less 
than  decinormal,  the  result  is  about  1£  per  cent,  below  the  truth,  and  a  cor- 
responding correction  can  be  made. 

2  For  the  determination   of  cyanides,    thiocyanates,    ferrocyanides,  and 
ferricyanides  when  the  four  classes  of  salts  occur  together  in  solution  with- 
out heavy  metals,  the  following  method  may  be  used  : — A  measured  quantity 
of  the  liquid  is  strongly  acidulated  with  hydrochloric  acid,  and  precipitated 
with  excess  of  ferric  chloride.     The  precipitate  of  prussian  blue  is  filtered  off, 
washed,  boiled  with  caustic  alkali,  and  the  alkaline  ferrocyanide  produced 
filtered  from  the  precipitated  ferric  hydroxide  and  determined  by  titration 
with  standard  permanganate,  or  by  one  of  the  other  methods  described  on 
page  466  et  seq.     The  filtrate  from  the  ferric  chloride  precipitate  is  treated 
with  ferrous  sulphate  and  the  liquid  again  filtered.      The  precipitate  con- 
sists of  ferrous  ferricyanide,  which  on  boiling  with  caustic  alkali  yields 
soluble  ferrocyanide  as  described  on  page  475.     The  filtrate  from  the  precipi- 
tate produced  by  ferrous  sulphate,  which  must  contain  excess  of  both  ferrous 
and  ferric  salts,  is  treated  with  excess  of  soda  and  heated.     It  is  then  again 
acidified  with  hydrochloric  acid,  when  a  precipitate  of  prussian  blue  will 
result,  the  amount  of  which  represents  the  simple  cyanide  originally  present. 
It  may  be  boiled  with  alkali,  and  the  ferrocyanide   produced  titrated  as 
before,  and  calculated  to  Cy.     The  thiocyanate  may  be  determined  in  the 
filtrate  from  the  various  iron  precipitates  by  precipitation  as  cuprous  salt, 
cupric  sulphate,  or  in  a  separate  portion  of  the  original  liquid  by  oxidising  it 
in  acid  solution  with  permanganate,  and  precipitating  the  resultant  sulphate 
by  barium  chloride. 
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free  it  from  nitrous  acid),  and  a  solution  of  ferric  sulphate  added. 
This  produces  a  deep  red  solution  of  ferric  thiocyanate.  Deci- 
nornial  silver  solution  is  next  added  from  a  burette  until  the  red 
colour  is  replaced  by  a  light  brown  and  the  latter  is  at  last 
destroyed.  The  end-reaction  is  better  observed  by  adding  excess 
of  silver  solution  and  titrating  back  with  standard  thiocyanate 
until  a  light  brown  tint  is  permanent  on  agitation.  Each  c.c.  of 
decinormal  silver  nitrate  used  represents  0'0058  gramme  of  SCN. 
In  presence  of  ferrocyanides,  excess  of  iron  solution  must  be  added 
and  the  liquid  filtered  before  titrating  with  silver  nitrate.  The 
same  plan  is  applicable  in  presence  of  ferricyanides  if  ferrous  sul- 
phate be  substituted  for  the  ferric  salt.  Cyanides  may  also  be 
removed  by  ferrous  and  ferric  salts  and  alkali,  with  subsequent 
acidification  by  dilute  nitric  acid,  followed  by  filtration.  Sul- 
phides may  be  separated  by  filtering  the  solution  after  addition  of 
iron  salts  and  alkali,  but  before  adding  nitric  acid.  In  presence 
of  chlorides,  bromides,  or  iodides,  the  process  is  still  available,  if, 
after  the  termination  of  the  reaction,  the  silver  precipitate  be 
filtered  off  and  treated  in  the  following  manner  : — The  silver  com- 
pound is  dried  and  mixed  with  a  large  excess  of  pure  sodium  car- 
bonate. The  mixture  is  added  gradually  to  fused  nitre  contained 
in  a  porcelain  crucible.  When  the  action  is  complete,  the  cooled 
mass  is  dissolved  in  water.  The  filtered  liquid  is  neutralised  by 
dilute  nitric  acid  and  titrated  with  silver  nitrate,  using  neutral 
potassium  chromate  as  the  indicator.  The  silver  solution  used 
represents  the  chloride,  bromide,  and  iodide  present.  Its  volume, 
deducted  from  the  amount  originally  required,  represents  the 
silver  solution  corresponding  to  the  thiocyanate.  The  thiocyanate 
may  also  be  deduced  from  the  amount  of  sulphate  formed  on 
fusion  with  nitre.  This  plan  does  not  necessitate  the  previous 
removal  of  cyanides,  ferrocyanides,  or  ferricyanides. 

4.  Any  sulphide,  cyanide,  ferrocyanide,  or  ferricyanide  is  sepa- 
rated by  iron  salts,  as  in  process  3,  but  the  liquid  is  rendered 
slightly  acid  by  hydrochloric  acid  instead  of  by  nitric  acid.  The 
solution  is  then  treated  with  sodium  sulphite  and  a  solution  of 
cupric  sulphate  added.  Phosphates  and  other  inorganic  salts 
forming  insoluble  copper  compounds  may  be  got  rid  of  by  digest- 
ing the  precipitate  with  cold  dilute  hydrochloric  acid.  The  white 
precipitate  of  cuprous  thiocyanate  is  filtered  off,  washed, 
dried  at  100°  C.  and  weighed.  121'3  parts  of  Cu2(SCN)2  represent 
58  of  thiocyanogen.  The  process  is  not  affected  by  bromides  or 
chlorides,  but  is  not  directly  applicable  in  presence  of  iodides, 
which  are  precipitated  as  white  cuprous  iodide.  If  the  solution 
be  acidulated  with  sulphuric  acid  instead  of  hydrochloric  acid 
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before  precipitating  the  thiocyanate  as  a  cuprous  salt,  any  chloride 
or  bromide  can  be  determined  in  the  filtrate  as  a  silver  salt  in  the 
usual  manner. 

The  precipitate  of  cuprous  thiocyanate  is  sometimes  so  finely 
divided  that  a  clear  filtrate  is  extremely  difficult  to  obtain.  This 
is  especially  the  case  in  the  presence  of  thiosulphates  and  certain 
other  salts,  such  as  co-exist  with  thiocyanates  in  gas-liquor.  For 
the  determination  of  thiocyanates  in  such  cases,  S.  Dyson  (Jour. 
Soc.  Chem.  Ind.y  1883,  page  231)  recommends  that  50  c.c.  of  the 
sample  should  be  evaporated  to  dryness  and  the  residue  heated 
to  100°  for  three  or  four  hours.  If  this  prolonged  heating  be 
omitted,  the  cuprous  thiocyanate  will  be  precipitated  in  such  a 
finely-divided  state  as  to  render  filtration  almost  impossible.  The 
residue  is  digested  with  strong  alcohol,  rinsed  on  to  a  filter  and 
washed  with  alcohol.  Thiosulphates,  which  otherwise  exercise  a 
solvent  action  on  cuprous  thiocyanate,  are  left  undissolved.  The 
alcoholic  filtrate  is  evaporated  to  dryness,  the  residue  taken  up 
with  water,  and  the  insoluble  organic  matter  filtered  off.  A 
solution  of  ammonium  thiocyanate  is  thus  obtained  tolerably  free 
from  other  ammoniacal  salts  and  from  organic  matter.  The  solution 
is  then  treated  with  sulphurous  acid  and  cupric  sulphate,  gently 
warmed  (not  boiled),  and  the  precipitate  of  cuprous  thiocyanate 
filtered  off. 

A  volumetric  modification  of  the  copper  method  of  determining 
thiocyanates  has  been  described  by  Barnes  and  Liddle  (Jour. 
Soc.  Chem.  Ind.,  1883,  page  231).  It  consists  in  boiling  the 
solution  with  sodium  bisulphite,  and  titrating  with  a  standard 
solution  of  copper  sulphate,  the  termination  of  the  reaction  being 
indicated  by  the  immediate  production  of  a  brownish  colour  on 
bringing  a  drop  of  the  liquid  in  contact  with  a  drop  of  solution 
of  potassium  ferrocyanide  on  a  white  plate.  The  results  are  liable 
to  several  disturbing  influences,  but  the  process  is  useful  under 
favourable  conditions. 

5.  Very  small  quantities  of  thiocyanates,  such  as  are  met  with 
in  soda-lyes,  may  be  determined  by  acidifying  the  lye  with  hydro- 
chloric acid,  and  adding  zinc  chloride.     Any  ferrocyanide  of  zinc  is 
filtered  off,  and  the  filtrate  coloured  by  ferric  chloride.     The  tint 
is  then  compared  colorimetrically  with  that  produced  by  a  known 
quantity  of  thiocyanate  treated  similarly.     The  results  are  only 
roughly  approximate. 

6.  Insoluble    thiocyanates    may  be    fused    with    alkaline    car- 
bonate and   nitre,  as  in  process  3,  the   sulphate  produced  being 
determined    by  precipitation  with  barium   chloride.     They  may 
also  be  decomposed  by  sulphuretted  hydrogen,  the  liquid  filtered, 
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ammoniacal  solution  of  copper  added,  the  sulphide  of  copper 
filtered  off,  and  the  filtrate  treated  with  dilute  sulphuric  acid  and 
sodium  sulphite,  when  cuprous  thiocyanate  will  be  obtained  as  in 
process  4. 

J.  V.  Esop  (Jour.  Soc.  Cliem.  Ind.,  1889,  p.  881)  has  observed 
that  the  thiocyanates  contained  in  the  spent  oxide  from  gas-purifiers 
are  not  entirely  soluble  in  water,  but  can  be  completely  dissolved 
out  by  alkali.  The  presence  of  other  sulphur  compounds  renders 
the  oxidation  process  quite  inapplicable.  The  alkaline  extract  is 
best  treated  by  process  5. 

7.  To  determine  the  metals  in  thiocyanates,  the  salts  may  be 
decomposed  by  sulphuric  acid  as  described  on  page  441. 

POTASSIUM  THIOCYANATE.    POTASSIUM  SULPHOCYANIDE.    KS.CN. 

This  salt  crystallises  in  colourless,  anhydrous,  deliquescent 
needles,  very  soluble  in  water  and  alcohol.  The  aqueous  solution 
gradually  decomposes  at  ordinary  temperatures  and  more  rapidly 
when  boiled,  with  evolution  of  ammonia.  The  solution  dissolves 
argentic  chloride,  cyanide,  and  thiocyanate. 

When  strongly  heated  without  contact  of  air,  potassium  thio- 
cyanate evolves  carbon  disulphide  and  leaves  a  residue  containing 
potassium  sulphide  and  potassium  mellonide,  K3C9N13,  which 
crystallises  with  3  aqua  from  hot  water. 

The  analytical  reactions  of  potassium  thiocyanate  are  described 
on  page  489  et  seq. 

AMMONIUM  THIOCYANATE.  AMMONIUM  SULPHOCYANIDE. 
(XH4)SCN. 

This  salt  is  produced  by  various  reactions  (see  method  for 
detecting  hydrocyanic  acid,  page  429),  including  the  action  of 
carbon  disulphide  on  ammonium  sulphide  : — (NH4)2S  +  CS2  = 
NH4SCN  +  2H2S  (compare  page  488).  Ammonium  thiocyanate 
is  a  product  of  the  distillation  of  coal,  and  is  found  in  consider- 
able quantities  in  the  ammoniacal  liquor  and  spent  oxide 
of  the  gas-works.  The  salt  forms  colourless  deliquescent  plates 
which  are  very  soluble  in  water  and  alcohol,  the  solution  taking 
place  with  great  reduction  of  temperature.  The  dilute  aqueous 
solution  is  stated  to  be  perfectly  stable. 

Ammonium  thiocyanate  melts  at  159°.  When  kept  nearly  at  this 
temperature  for  some  time,  it  suffers  conversion  into  thio-urea  : — 
NH4.S.CN  =  NH2.CS.NH2.  At  180°  to  190°  it  evolves  sulphuretted 
hydrogen,  carbon  disulphide,  and  ammonia,  and  leaves  a  residue 
containing  guanidine  thiocyanate  (compare  page  283).  At 
a  still  higher  temperature  me  lam,  C6H3Nn,  is  obtained. 

The  reactions  of  ammonium  thiocyanate  in  solution  are  strictly 
analogous  with  those  of  the  potassium  salt  (see  page  489). 
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Commercial  sulphate  of  ammonium  often  contains  thiocyanate, 
which  prejudicially  affects  its  application  as  a  fertiliser.  P.  L. 
Jumeau  (Analyst,  xviii.  135)  has  described  a  specimen  which 
contained  9  per  cent,  of  ammonium  thiocyanate  and  a  similar  pro- 
portion of  sodium  sulphate,  but  such  samples  are  very  unusual. 
In  determining  the  amount  of  thiocyanate,  it  is  desirable,  though 
not  essential,  to  extract  the  sample  with  methylated  spirit,  and 
evaporate  an  aliquot  part  of  the  solution,  and  determine  the  thio- 
cyanate in  the  residue,  by  one  of  the  methods  given  on  page  491. 

Ammonium  thiocyanate  acts  as  a  powerful  poison  to  animals 
(page  488)  and  also  exerts  a  toxic  action  on  plants.  According  to 
Mack  and  Silen,  maize  is  particularly  sensitive  to  its  action,  as 
small  a  quantity  as  9  kilogrammes  of  thiocyanate  per  hectare 
showing  its  influence  in  the  generally  deteriorated  appearance  of  the 
plants.  G.  Klein  found  that,  when  watered  with  a  solution  con- 
taining O'Ol  gramme  of  ammonium  thiocyanate  per  litre,  old  plants 
with  six  to  eight  leaves  were  uninjured,  but  sickened  at  once  with 
a  solution  of  twice  the  strength,  and  O'l  gramme  per  litre  proved 
fatal  almost  immediately.  Seeds  lose  their  power  of  germination 
when  steeped  in  J  per  cent,  solution  of  ammonium  thiocyanate. 

BARIUM  THIOCYANATE,  Ba(SCN)2,  is  now  produced  on  a  large 
scale  by  boiling  ammonium  thiocyanate  with  baryta-water,  or  by 
decomposing  cuprous  thiocyanate  (from  spent  oxide  or  gas-liquor) 
with  barium  sulphide.  It  forms  long  deliquescent  needles,  com- 
monly stated  to  contain  2  aqua  (but  according  to  J.  Tscherniac,  3 
aqua),  and  very  soluble  in  water  and  alcohol.  Its  chief  applica- 
tion is  for  the  manufacture  of  aluminium  thiocyanate. 

CALCIUM  THIOCYANATE,  Ca(SCN)2,  forms  very  soluble,  deli- 
quescent needles  containing  3  aqua.  It  is  prepared  on  a  large 
scale  by  several  patented  processes  (see  page  488). 

ALUMINIUM  THIOCYANATE,  A1(SCN)3,  is  obtained  by  the  double 
decomposition  of  aluminium  sulphate  with  barium  or  calcium 
thiocyanate  (see  Jour.  Soc.  Chem.  Ind.,  i.  64,  364).  Any  red 
colour  due  to  the  presence  of  traces  of  iron  can  be  removed  by 
agitation  with  ether.  Aluminium  thiocyanate  now  receives 
extensive  application  in  calico-printing.1  A  soluble  basic  sulpho- 

1  The  sulphocyanides  of  aluminium  and  other  metals  are  used  in  dyeing 
and  calico-printing  for  three  distinct  purposes  : — as  a  resist  for  aniline  black  ; 
as  an  addition  to  the  ordinary  alizarin-red  printing  colour  in  order  to  resist  the 
action  of  iron  ;  and  as  the  mordant  for  alizarin-red  instead  of  the  acetates  (see 
Lauber  and  Storck,  Jour.  Soc.  Chem.  2nd.,  1882,  page  359).  When 
applied  to  the  last  purpose  thiocyanates  are  found  to  produce  greater  brilliance 
of  tint  and  fastness  on  the  fibre,  apparently  from  the  gradual  manner  in  which 
they  undergo  decomposition  on  steaming. 
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cyanide  of  aluminium,  containing  A1(OH)2(SCX),  is  obtained  by 
dissolving  hydrated  alumina  in  aluminium  thiocyanate. 

CUPROUS  THIOCYANATE,  Cu2(SCN)2,  is  one  of  the  most  insoluble 
salts  of  the  series.  Its  properties  are  described  on  page  489. 
Cuprous  sulphocyanide  occurs  in  commerce  under  the  name  of 
"white  paste,"  which  is  obtained  by  acting  on  ammonium 
thiocyanate  with  a  mixture  of  cupric  and  ferrous  sulphates.  A 
47  per  cent,  paste  is  commonly  sold.  It  should  be  tested  for 
iron,  barium  sulphate,  and  soluble  matters,  and  the  thiocyanate 
determined  by  boiling  the  paste  with  caustic  soda,  acidulating 
the  filtrate  with  dilute  sulphuric  acid,  and  titrating  with  perman- 
ganate (page  491). 

LEAD  THIOCYANATE,  Pb(SCN)2,  forms  a  yellowish-white  crys- 
talline precipitate,  somewhat  soluble  in  hot  water  and  readily 
soluble  in  water  acidulated  with  hydrochloric  acid. 

MERCURIC  THIOCYANATE,  Hg(SGN")2,  is  obtained  as  a  sparingly 
soluble,  white,  crystalline  precipitate  on  adding  a  soluble  thio- 
cyanate to  a  strong  solution  of  mercuric  nitrate  or  chloride.  It  is 
soluble  in  excess  of  the  precipitant  and  in  dilute  hydrochloric  acid. 
On  heating  mercuric  thiocyanate  in  a  test-tube,  or  on  kindling  the 
powder,  it  ignites  and  swells  up  enormously,  giving  off  sulphur 
dioxide,  mercurial  vapours,  &c.,  and  leaving  a  very  bulky  porous 
grey  or  brown  mass  containing  mellon,  C3H3(NH)3C3H3. 

"  Pharaoh's  serpents'  eggs "  consist  of  mercuric  thiocyanate.1 
•On  treatment  with  hot  water  they  yield  a  solution  which  gives  a 
yellow  precipitate  with  caustic  alkali.  On  filtering  off  the  pre- 
cipitated mercuric  oxide,  the  filtrate  gives  the  reactions  of  a 
thiocyanate  after  being  acidulated  with  dilute  nitric  acid. 

Several  cases  of  poisoning  have  occurred  owing  to  children 
swallowing  "  Pharaoh's  serpents'  eggs." 

Ferric  and  argentic  tliiocyanates  have  already  been  described 
(page  489). 

1  Not  of  mercurous  thiocyanate,  as  erroneously  stated  in  some  text-books. 
Mercurous  thiocyanate  is  extremely  unstable,  rapidly  becoming  grey  from 
the  separation  of  metallic  mercury. 
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ABSINTHIIN,  162,  165 
Aceturic  acid,  206 
Acid,  aceturic,  206 

aloeresic,  154 

aloeretic,  154 

—  aloetic,  153. 

amido-isethionic,  230 

amido-succinic,  225 

—  angelic,  61 

—  aspartic,  224 
azulmic,  424 

campho-glycuronic.  389 

carbamic,  247 

—  cevadic,  55,  60,  61 
cheno-glycocholic,  395 

—  cholalic,  395,  397 

—  choleic,  400 
cholic,  395,  397 

—  choloidic,  400 
chrysamic,  153 

—  colchic,  7 
colchicinic,  7 

cyanic,  481 

—  cyanuric,  250,  486 

desoxycholic,  400 

euxanthic,  90,  389 

fellic,  400 

fulminic,  485 

fulminuric,  486 

gelsemic,  19 

glutamic,  227 

glycerol-phosphoric,  244 

glycocholic,  206,  395 

—  glycofellic,  395 

glycosuric,  392 

glycuronic,  353,  388 

glycyrrhizic,  92 


Acid,  hippuric,  378,  386 

hydracrylic,  407 

hydroparacoumaric,  323 

hydrocyanic,  442 

—  hydroxycaproic,  215 

hyocholic,  400 

hyoglycocholic,  206 

iodocholic,  399 

jaboric,  35 

kynurenic,  355 

—  lactic,  407 

-  leucic,  215 

-  lithic,  354 

-  lupulic,  173 

lupulinic,  172 

melanuric,  250 

methyl-crotonic,  61 

—  methyl-hippuric,  234 
myronic,  101,  105 

—  ophelic,  189 
oxaluric,  358 

-  piperic,  38 

prussic,  442 

pyruvic,  228 

quillajic,  128 

salicyluric,  388 

san  tonic,  164 

santoninic,  163 

tauro-carbamic,  230 

taurocholic,  394,  396 

thiocyanic,  489 

tiglic,  61 

trithiocyanic,  486 

turpethic,  148 

turpetholic,  148 

uric,  354 

urochloralic,  389 
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Acid,  valeric,  215 

—  veratric,  55,  79 
Acids,  animal,  353 

bile,  392 

of  urine,  353 

Aconine,  benzoyl-,  78 
Acrinyl  thiocarbimide,  101 

isothiocyanate,  105 

Adenine,  306,  319 
Adoninin,  137 
JEsculin,  23 
Agarythrine,  246 
Alkaloids  of  aconite,  78 

—  of  calabar  bean,  14 
of  delphinium,  13 

of  furze,  10 

—  of  gelsemium,  19 

of  hellebores,  64 

of  ipecacuanha,  24 

of  jaborandi,  35 

of  laburnum,  10 

of  papaya,  1 

of  pepper,  37 

of  pomegranate,  34 

of  potato,  74 

of  sabadilla,  54 

of  stavesacre,  13 

titration  of,  79 

Allantom,  359 
Alloxan,  314,  358 
Alloxanthin,  154 
Alloxantin,  361 
Alloxur-bases,  304 

constitution  of,  306 

Allyl  isothiocyanate,  107 

thiocarbamide,  108 

thiocarbimide,  101,  106 

Aloeretin,  154 

Aloes  bitters,  151 

commercial,  aloin  in,  154 

detection  of,  158 

in  animal  matters,  161 

reactions  of,  159 

varieties  of,  157 

Aloins,  151 

composition  of,  153 

preparation  of,  155 


Amic  acids,  204 
Amides,  202 

reactions  of,  203 

Amido-acids,  204 

Amido-compounds,  constitution  of,  205 

Amido-isethionic  acid,  230 

succinic  acid,  225 

Amphicreatinine,  296 
Amygdalin,  90,  445 
Anamirtin,  167,  171 
Angelic  acid,  61 
Animal  acids,  353 
Animal  bases,  193 
Antiarin,  141 
Arachnitis,  230 
Arrow-poison,  138,  141 
Arsenical  ptomaines,  352 
Artemisia  bitters,  162 
Aselline,  351 
Asparagine,  218 

determination  of,  221 

isolation  of,  223 

Aspartic  acid,  224 
Azulmic  acid,  424 

BARBALOINS,  153 
Benzoyl-cystin,  229 

-glycocine,  234 

salicin.  100 


Betaine,  234 

isolation  of,  241 

phosphorus-,  235 

—  preparation  of,  from  beetroot,  235 
Betaines,  232 
Bile,  acids  of,  392 

Pettenkofer's  reaction  for,  401 

separation  of,  401 

cholalic  acid  in,  398 

pigments,  404 

Biliary  calculi,  393 

Bilicyanin,  407 

Bilirubin,  404 

Biliverdin,  405 

Bitter  apple,  166 

Bitter  principles  in  beer,  191 

vegetable,  non-basic,  89 

non-glucosidal,  151 
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Bitter  principles,  detection  of,  in  medi- 
cines, &c.,  151 
Biurates,  371 
Biuret,  250 

Biuret  reaction,  250,  254 
Brandt's  reagent,  76. 
Bromaloin,  154 

CADAVERINE,  325,  337,  339 
Caffeine,  constitution  of,  306 

synthesis  of,  305 

Caffeol,  100 

Calabar  bean,  alkaloids  of,  14 
Calabarine,  16,  19 
Calculi,  biliary,  393 

urinary,  380 

—  composition  of,  381 

analysis  of,  383,  385 

Cancroin,  237 
Carbamates,  248 
Carbamic  acid,  247 
Carbamide,  248 
Candne,  320 
Carpaine,  1 
Cayenne  pepper,  39. 

in  mustard,  119 

Cephaeline,  24,  26,  508 
Cevadic  acid,  55,  60,  61 
Cevadilline,  55,  56 
Cevadine,  55,  £6,  58,  66 
-  salts  of,  59 

saponification  of,  60 

Cevine,  61 

Charcot's  crystals,  200 

Cherry-laurel  water,  431,  445 

Chiretta,  189 

Chloreserine,  16 

Cholalic  acid,  395,  397. 

Choleic  acid,  400 

Cholic  acid,  397 

Choline,  236,  238,  325 

hydroxy-,  245 

in  beer,  238 

isolation  of,  241 

oxy-,  234 

preparation  of,  from  yolk  of  egg, 


Choloidic  acid,  400 
Chrysamic  acid,  153 
Chrysocreatinine,  296 
Cobalticyanides,  478 
Cocculin,  171 
Cocculus  Indicus,  bitters  of,  167 

poisoning  by,  170 

Cod-liver  oil  bases,  351 
Colchic  acid,  7 
Colchioeine,  5,  6 
Colchicine,  3 

decomposition-products  of,  7. 

determination  of,  7 

Colchicum,  alkaloids  of,  3 

detection  of,  10 

toxicology  of,  9 

Colliding  321,  343 
Colocynth  bitter,  166 
Colocynthin,  166 
Conglutin,  214 
Coniferin,  97 
Conifers,  glucosides  of,  97 
Convolvulin,  146 
Coridine,  343 

Corn-cockle,  saponin  of,  124 
Coumarin,  39 
Creatine,  285 
Creatinine,  287 

compounds,  292 

determination  of,  295 

—  isolation  of,  288 

modifications  of,  290 

reactions  of,  293 

sarcous,  291 

Cruciferae,  ferment  of,  101 

glucosides  of,  101,  103,  105 

volatile  oil  of,  101,  111 

Crusocreatinine,  296 
Curare,  141 
Cyamelide,  485 
Cyananiline,  425 
Cyanates,  481 

iso-,  486 

metallic,  482 

thio-,  486 

Cyanic  acid,  481 
polymers  of,  485 
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Cyanide,  gold  extraction  by,  461 

liquors,  assay  of,  436 

zinc  in,  439 

Cyanides,  detection  of,  428 

determination  of,  430 

metals  in,  441 

double,  456 

readily-decomposable,  459 

manufacture  of,  450,  508 

—  metallic,  450 

cobalti-,  478 

seleno-,  487 

sulpho-,  486 

-  platino-,  479 

ferri-,  472 

ferro-,  462 

nitrosoferri-,  477 

oxy,  481 

—  simple,  427 
Cyanogen,  423,  424 

determination  of,  425 

halogen  derivatives  of,  426 

—  para-,  424 
Cyanuric  acid,  250,  486 
Cyclamin,  124 
Cystein,  228 

Cystin,  227 

in  urine,  229,  379 

Cytisine,  10 

DELPHINIUM  alkaloids,  13 
Deposits,  urinary,  376 
Desoxycholic  acid,  400 
Diamine- ptomaines,  334 
Diamines,  193 
Digitalin,  129 

commercial,  135 

Digitalis,  glucosides  of,  130,  508 

toxicology  of,  136 

Digitonin,  124,  130,  133 

Digitoxin,  130,  134 

Drugs,  alkaloids  in,  88 

Dulcine,  279 

detection  of,  in  wine,  &c.,  281 

Electro-gilding  solutions,  442 
plating  solutions,  441 


Electro-silvering  solutions,  442 
Emetine,  24,  25,  508 

reactions  of,  29 

Emulsin,  91 
Epi-guanine,  317 

sarkine,  318 

Erythrophlceine,  141 
Eseridine,  18 
Eserine,  14 

Ethylene-diamine,  194,  334 
-  -di-,  194 

ethenyl-diamine,  200 

Ethidene-diamine,  334 
Euonymin,  137 
Euphorin,  206,  248 
Euxanthic  acid,  90,  389 
Euxanthone,  389 
Everitt's  salt,  471 

FERRICYANIDES,  472 

determination  of,  475 

manufacture  of,  473 


Ferrocyanides,  462 

assay  of,  469 

determination  of,  465 

manufacture  of,  463 

reactions  of,  463 

Fish-ptomaines,  346 
Flesh-bases,  295 
extraction  of,  297 


Food,  poisonous,  326 

Foxglove,  glucosides  of,  130 

Fulminates,  485 

Fungi,  poisonous,  246 

Furfurol  reaction,  Pettenkofer's,  401 

Furze,  alkaloids  of,  10 

GADININE,  334,  344 
Gall-stones,  393 
Gautier's  flesh-bases,  295 
Gelsemic  acid,  23 
Gelsemine,  20 
Gelseminine,  22 
Gelsemium,  alkaloids  of,  19 
Gentipicrin,  187 
Gerontine,  342 
Glucosides,  89 
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Glucosides  of  conifers,  97 

—  of  digitalis,  130 

—  of  jalap,  145 
of  mignonette,  101 

—  of  mustard,  1 00 

—  nitrogenised,  91 

—  of  poplar,  97 

—  of  sarsaparilla,  129 

of  scammony,  145 

of  strophanthus,  137 

—  tabular  list  of,  94 
Glutamic  acid,  227 
Glutamine,  223,  226 
Glycerol-phosphoric  acid,  242,  244 
Glycocholic  acid,  206,  394,  395 
Glycocine,  206 

analogues  of,  209 

methyl-,  233 

Glycocyamidine,  282 

—  methyl-,  287 
Glycocyamine,  282 

-  methyl-,  285 

—  propyl-,  282 
Glycosuric  acid,  392 
Glycuronic  acid,  353,  388 

anhydride,  390 

Glycyrrhizic  acid,  92 
Glycyrrhizin,  92 

Gmelin's  test  for  bile-pigments,  405 
Granatonine,  35 
Grandiflorine,  77 
Guanidine,  250,  282 

methyl-,  285 

thiocyanate,  495 

Guanine,  306,  315 

-  epi-,  317 

HELICIN,  91 

Hellebore,  alkaloids  of,  64 

Helleborein,  68,  137 

Hellebores,  alkaloids  of  the,  64,  67 

glucosides  of  the,  68 

Helleboretin,  68 
Helleborin,  68,  137 
Heteroxan thine,  315 
Hippuric  acid,  378,  386 
methyl-,  234 


Hops,  175 

-  bitters  of,  172 

—  composition  of,  178 
essential  oil  of,  181 

—  phlobaphen  of,  181 

—  resins  of,  172,  174 
sulphur  in,  182 

—  tannin  of,  180,  508 

valuation  of,  177 

Hop-substitutes,  182 
composition  of,  183 

-  detection  of,  184,  191 
Hydantoin,  methyl-,  292 
Hydracrylic  acid,  407 
Hydrocyanic  acid,  442 

-  assay  of,  431,  433 
commercial,  444 

—  galenical  preparations  of,  445 

toxicology  of,  446 

Hydroxy-choline,  245 

-ethyl-aniline,  217 

propionic  acids,  407,  421 

Hyoglycocholic  acid,  206 
Hypobromite  method  for  urea,  263 

errors  of,  270 

Allen's  modified,  273 

literature  of,  264 

solution,  266 

—  action  of,  on  various  compounds, 

275 
Hypochlorites,  reaction  of,  with  urea, 

276 
Hypoxanthine,  317 

IMIDO-BASES,  281 

sarkine,  319 

urea,  282 

-xanthine,  315 

Indian  yellow,  91,  389 
Indican,  90 

Indirubin,  detection  of,  303 
Indole,  300 

methyl-,  301 

Indoxyl,  302 

sulphuric  acid,  90,  302 

lodocholic  acid,  399 

Ipecacuanha,  alkaloids  of, 24, 28, 33, 508 
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Ipecacuanha,  assay  of,  30 
Isocyanates,  482 
Isomuscarine,  233,  246 
Isothiocyanates,  101,  105,  107,  486 

JABORANDI,  alkaloids  of,  35 
Jalap,  assay  of,  149 

resin  in,  150 

glucosides  of,  145 

Jalapin,  146 

Jalapurgin,  146 

Jasmine,  alkaloids  of  yellow,  19 

Jervine,  64,  65,  70 

pseudo-,  64,  71 

—  rubi-,  64,  71 

KNOP'S  nitrogen  process,  263 

—  literature  of,  264 
Kynurine,  355 
Kynurenic  acid,  355 

LACTATES,  metallic,  415 

Lactic  acid,  407 

commercial,  413 

determination  of,  417 

di-thio-di-amido-,  227 

—  in  digestion,  416 

—  modifications  of,  408,  419 
Lactic  anhydride,  411 
Lecithines,  241,  324 

Leucine,  211 

-  in  urinary  sediments,  379 
Leucomaines,  192 
Liebig's  process  for  urea,  259 

process  for  cyanides,  432 

Lilac  bark,  glucoside  in,  123 
Liquorice  powder,  compound,  93 
Lithic  acid,  354 
Lupulin,  176 
Lupuline,  177 
Lupulinic  acid,  172 
Lupuliretin,  172 
Lycine,  234 

MANDELIN'S  reagent,  76 
Mannides,  91 
Martius'  yellow,  119 


Meadow-saffron,  3 
Melam,  495 
Mellon,  497 
Melanuric  acid,  250 
Menispermine,  171 
Menyanthin,  187 
Mercuramine,  263 
Mignonette,  glucoside  of,  101 
Millet,  Turkish,  in  pepper,  49 
Millon's  base,  263 
Morrhuine,  351 
Murexide,  359 
Muscarine,  245,  326 

iso-,  233,  246 

poisoning  by,  246 


Mustard,  adulterants  of,  118 

analysis  of,  114 

commercial,  114 

composition  of,  100,  114 

glucosides  of,  100 

oil  of  black,  107,  111 

oil  of  white,  105 

volatile  oil  of,  107,  111 

Mydaleine,  325,  337,  342 
Mydatoxine,  343 
Mydine,  344 
Myronic  acid,  101,  105 
Myrosin,  91,  101 
Mytilotoxine,  343 

NATALOINS,  153 

Neriin,  137 

Neuridine,  325,  336,  337 

Neurine,  236,  326 

Nitrogen,  total  in  urine,  257 

Nitrometer,  Allen's,  269 

Lunge's,  268 

Nitro-prussides,  477 
Nitroso-ferricyanides,  477 

OIL  OF  HOPS,  essential,  181 
Oil  of  mustard,  commercial,  purity  of, 
110 

tests  for,  110 

volatile,  107 

Oleandrin,  137 
Olive-stones  in  pepper,  50 
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Ophelic  acid,  189 
Orni  thine,  386 
Ouabain,  140 
Oxaluric  acid,  358 
Oxycholine,  234 
Oxycyanides,  481 
Oxyneurine,  326 

PANGADUINE,  352 
Papain,  1 

Para-menispermiue,  171 
Para-phenethidine,  280 
Para-phenetol-carbamide,  279 
Para-xanthine,  315 
Parillin,  129 
Pelletierine,  34 
Pepper,  39 
adulterations  of,  44,  49 

—  alkaloids  of,  37 

analyses  of,  42,  45 

cayenne-,  39 

cellulose  in,  54 

composition  of,  41 

crude  fibre  in,  53 

long-,  46 

analyses  of,  47 

Perferricyanides,  478 

Perthiocyanogen,  489 

Pettenkofer's  reaction,  401 

Phallin,  246 

Pharaoh's  serpents'  eggs,  497 

Phlogosine,  342 

Phloroglucosides,  91 

Phosphates   in  urinary  deposits,  376, 

378,  381,  383 
Physostigmine,  14 
Picrotin,  167 
Picrotoxin,  167 
Pilocarpidine,  35,  37 
Pilocarpine,  35 
Piperazine,  194 

—  di-nitroso-,  200 

—  manufacture  of,  196 
^Piperic  acid,  37,  38 

Piperidine,  37,  38 
Piperine,  37,  41 
Piperovatine,  37 


Plant-nitrogen,  mode  of  occurrence  of, 

222 

Platinocyanides,  479 
Plattner's  crystals,  394 
Poirrier's  soluble  blue,  79 
Poisonous  food,  326 
Poivrette,  50 

detection  of,  in  pepper,  51 

Pomegranate,  alkaloids  of,  34 

Populin,  97,  100 

Potato,  alkaloids  of  the,  74 

Primulin,  124 

Privet,  glucoside  in,  123 

Protoveratridine,  64,  73,  74 

Protoveratrine,  64,  73 

Prussian  blue,  464,  471 

green,  473 

Prussic  acid  (see  hydrocyanic  acid). 
Pseudaconine,  79 
Pseudaconitine,  78 
Pseudojervine,  64,  71 
Pseudoxanthine,  296,  315 
Ptomaines,  192,  321 

arsenical,  352 

classification  of,  331 

detection  and  isolation  of,  327 

—  from  urine,  347 

—  diamine-,  334 
-  fish,  346 

tabular  list  of,  332 

unclassified,  343 

Purree,  or  Piuri,  389 
Putrefaction,  chemistry  of,  322 
Putrescine,  325,  337,  341 

QUADRI-UEATES,  368 

Quassia  wood,  182 
Quassiin,  187 
Quillajic  acid,  128 
Quinine,  titration  of,  80 

REDUCINE,  298 

Resins,  of  hops,  174 

Rosin's  test  for  bile-pigments,  406 

Rottlerin,  154 

Ruberine,  246 

Rubeserine,  15 

Rubijervine,  64,  71 
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SABADILLA,  alkaloids  of,  54 

extraction  of,  58 

Sabadine,  56,  63 
Sabadinine,  56,  63 
Salicyluric  acid,  388 
Salicin,  89,  97 
Saligenin,  89,  99 
Saligenol,  89,  99 
Saliretin,  99 
Santonin,  162 
Saplagotoxine,  351 
Saponins,  123 
Sapotin,  129 
Saprine,  325,  341 
Sarcosine,  233 

benzoyl-,  234 

-  dimethyl-,  234 
Sardinine,  346 
Sarkine,  317 

Sarsaparilla,  glucosides  of,  129 
Sarsaparil-saponin,  129 
Scammony,  146 

composition  of  commercial,  147 

glucosides  of,  145 

Scheele's  acid,  443 

Scillin,  137 

Scombrine,  351 

Selenocyanides,  487 

Serpent's  urine,  analysis  of,  370 

Siebold's  process  for  cyanides,  434 

Sinalbin,  100,  103  • 

mustard  oil,  105 

Sinapine,  104 

thiocyanate,  100,  104 

Sinigrin,  100,  105 
Skatole,  301 
Smilacin,  129 
Solaneine,  74 
Solanicine,  77 
Solanidine,  74,  75,  76 
Solanine,  74 
Sophorine,  13 
Spasmotoxine,  342 
Spermine,  200 
Squill,  glucosides  of,  137 
Staphysagrine,  13 
Stavesacre,  alkaloids  of,  13 


Stomach,  lactic  acid  in,  417 
Strophanthidin,  143 
Strophanthin,  137,  139 
Strophanthus,  glucosides  of,  137 

seed,  analysis  of,  138 

Sucholotoxine,  351 
Sucrol,  279 
Sulphocyanides,  486 
Susotoxine,  351       . 
Syringin,  97,  123 

TANGHININ,  140 
Tannin  of  hops,  180,  508 
Taurin,  230 

Taurocarbamic  acid,  230 
Taurocholic  acid,  230,  394.  396 
Terpenes  of  hop-oil,  181 
Tetanine,  343,  345 
Tetanotoxine,  343 
Theobromine,  305,  306 
Thetines,  235 
Thevetin,  137 
Thiocarbamide,  allyl,  108 
Thiocarbimide,  acrinyl,  105 

allyl,  101,  107 

potassium,  486 

Thiocyanates,  486 

detection  of,  489 

determination  of,  491 

in  mustard,  104 

in  saliva,  450,  487 

iso-,  101,  105,  107,  486 

—  metallic,  495 

poisonous    properties     of, 

495 

Thiocyanic  acid,  489 
Thiosinamine,  108 
Tinctures,  assay  of  alkaloidal,  84 
Toadstool,     poisonous     principle 

245 

Turnbull's  blue,  471,  477 
Turpethin,  147 
Typhotoxine,  344 
Tyrosine,  216 

nitro-,  218 

sulphonic  acid,  219 

Tyrotoxicon,  347 


488, 


of, 
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ULEXINE,  10,  12 
Urates,  367 

—  acid,  371,  373 

bi-,  371 

cuprous,  307 

in  gout,  375 

normal,  374 

piperazine,  198 

potassium,  373 

quadri-,  368 

Urea,  248 

—  action  of  heat  on,  251 

analogues  of,  247 

characters  of,  251 

—  compounds  of,  252 
detection  of,  253 

determination  of,  255,  258 

Bunsen's  method,  259 

—  Knop's  method,  263 
Liebig's  method,  255,  259 

—  by  hypobromite,  263 
in  blood  and  tissues,  278 

excretion  of,  257 

isolation  of,  256 

—  reversion  of,  to  cyanate,  251,  270, 

273 

separation  of,  from  ammonia,  277 

Urethane,  206,  248 

phenyl-,  248 

Ureometers,  various  forms  of,  267 
Uric  acid,  354 

detection  of,  360 

determination  of,  360 

forms  of,  377 

oxidation  of,  358 

preparation  of,  356 


Urinary  calculi,  380 

examination  of,  383,  385 


—  deposits,  376 

analysis  of,  380 

Urine,  acids  of,  853 

—  amount  of  urea  in,  258 
bases  from,  297 

determination  of  urea  in,  259,  263 

indirubin  in,  detection  of,  303 

ptomaines  from,  347 

total  nitrogen  in,  257 

Urochrome,  230,  298 
Urotheobromine,  298 

VANILLIN,  97 

Veratralbine,  64,  72 
Veratric  acid,  55,  79 
Veratridine,  55,  56,  58,  62,  68 
Veratrine,  55,  64, 

commercial,  56 

Veratroidine,  64,  65,  72 

Veratroine,  62 

Veridine,  65 

Verine,  62 

Volhard's  process  for  thiocyanates,  492 

WILLIAMSON'S  blue,  471 
Willow,  glucosides  of,  97 
Wormwood,   bitter  principle  of,  162, 
165 

XANTHINE,  304,  312 

bases,  304 

in  urine,  309 

—  imido-,  315 

tests  for,  314 

Xantho-creatinine,  296 
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ERRATA  AND  ADDENDA. 


VOLUME  I. 

Page  71,  line  20,  for  "46,"  read  "92." 
Page  74,  for  "  2  C2H602,"  read  "  2  C2H60." 
Page  15,  line  20,  for  "pressure,"  read  "presence." 
Page  121,  line  17,  after  word  "is,"  insert  "then  washed  thoroughly  by  re- 

peated agitation  with  water,  to  remove  ethylic  alcohol  and  " 
Page  230,  line  18,  after  the  words  "side  by  side,"  insert  "with  that." 

VOLUME  II. 
Page  417,  line  I,  for  "C16H24,"  read  "C15H24." 

VOLUME  III.  PART  I. 
Page  193,  in  heading  of  penultimate  column,  for  "of,"  read  "and." 


Page  264,  footnote,  for  "Cae^O^,"  read  " 

VOLUME  III.  PART  II. 

Page  17,  in  Table,  for  "  Boiling  point,  0°  C,"  read  "boiling  point,  °C." 
Page  81,  in  formula  of  phenacetin,  for  "(C2H),"  read  "(C2H5)." 
Page  106,  chemistry  of  piperazine  and  spermine,  see  Part  iii.  page  194,  et  scq. 
Pages  109  and  112,  for  "  Hautsch,"  read  "  Hantzsch." 
Page  179,  line  7,  the  formula  for  lupanine  should  be  "C^H^^O." 
Page  218,  line  2  of  footnote,  delete  bracket  and  word  "see"  ;  and  in  following 

line  insert  bracket  after  first  comma. 

Page  219,  for  "colouring  changed,"  read  "colour  changing." 
Page  274,  line  29,  for  "say,"  read  "ray." 
Page  403,  in  footnote,  for  "0'0324,"  read  "  0'0162"  ;  and  compare  Part  iii. 

page  81,  footnote. 
Page  484,  on  the  Determination  of  Caffeine  in  Tea,  see  papers  by  E.  H.  G  a  n  e 

(Jour.  Soc.  Chem.  Ind.,  1896,  p.  95)  and  Petit  and  T  e  r  r  a  t  (Pliarm. 

Jour.,  [4],  ii.  461). 

Page  499,  line  4,  for  "  C7H7A9N402,"  read  "  C7H7AgN402." 
Page  578,  insert  "  Kola,  554." 

VOLUME  III.  PART  III. 

Page  25,  on  Brazilian  and  Columbian  Ipecacuanha,  see  a  paper  by  Paul  and 

Co  wnley  (Pharm.  Jour.,  [4],  ii.  321). 
Page  65,  line  13  from  foot,  insert  "that"  after  "out." 
Page  130,  see  a  paper  "On  the  Detection  of  the  Digitalis  Glucosides  and  their 

Products,"  by  H.  Kiliani  (Archiv.  der  Pharm.,  ccxxxiv.  273;  and 

Pharm.  Jour.,  [4],  ii.  401). 
Page  174,  on  the  Constituents   of  Lupulin,  see  H.  Seyffert  (Jour.  Soc. 

Chem.  Ind.,  June  1896). 
Page  180,  "On  the  Tannin  of  Hops,"  see  J.  Heron  (Jour.  Soc.  Chem.  Ind., 

June  1896). 

Page  193,  line  20,/or  "hypox-anthine,"  read  "  hypo-xanthine." 
Page  214,  line  15,  after  word  "from,"  insert  "the." 
Page  451,  Manufacture  of  Cyanides,  see  Eng.  Patents,  10,476  and  10,956  of 

1895. 
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